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COMPREIENSIVE RADIOLOGICAL SURVEY

OFF-SITE PROPERTY H I

IORMER I"AKE OMARIO ORDNANCE WORKS SITE
LEWTSToN, NEW YORK

IMRODUGTION

Beginning in 1944, the l , fanhattan Engiueer Distr ict  and i ts successor,

the Atonic Energy Cosunission GEC), used port ions of the Lake Ontar io

grdnance Worke (IOOW), approximately 3 krn northeast of Lewiston, New York,

fo r  s to rage o f  rad ioac t ive  wastes .  These wastes  were  pr inar i l y  res idues

from uraniun processing oPelat ions; however,  they also iacl 'uded:

contaminated rubble and scrap from decommissioning act iv i t ies'  biological

and misceLlaueous wastes from the Universi ty of Rochester,  and low-level

f ission-product l raste from contaminated f . iquid evaporatorI  at  the KnolLs

Atonic Power Laboratory (Xnpl) .  Receipt of  radioact ive waste r i lag

discont iuued in 1954, and, fol lowing cleanup act iv i t ies by l {ooker Chenical

Co. ,  525 hectares of the or iginal  6L2 hectare LOO!,I  s i te were declared

surplus. This property nas eventual ly sol .d by the General  Services

Adninistrat ion to var ious pr ivate, commercial ,  and goverumental  agencies.-

Service Corporat ion of America (SCA) is the culrent owner of a Eract

from Lhe for:mer LOOW site,  ident i f ied as off-s i te property H I  (see

Figure 1).  A radioLogical .  survey of that t tact,  conducted in June and

Ju ly  L982,  i s  the  sub jec t  o f  th is  repor t .

S i te  Descr ip t ioa

Figure

rectangular

2

in

i s  a  p lo t  P lan  o f  o f f -s i te  p roper ty  E  r .  The ProPer ty  i s

shape (approxinately 180 n by 90 n) and occupies aa area of

approximateLy 1.6 hectares. I t  is bounded on three sides by roads - Wesson

Road on the  west ,  M St ree t  on  the  south ,  and 5 th  S t ree t  on  the  eas t .  The

northern boundary is an out-of-service rai l road track. The land is level

with the except ion of several  drainage di tches near the centel  of  the



property and low areas or shal low depressions south of the rai l road track

and at scattered locat ions throughout the si te.  Port ions of the t tact are

below the level of  adjacent propert ies, suggest ing possibLe eurface

excavation. l,lost of the low areas were covered by standing water at the

t ime of the survey. Several  smal l  areas of dense brush are also present.

The property is not being used by SCA. There are no bui ldings on the

si te,  but two mal l  concrete pads or foundat ions are located on the eastern

eect ion. A port ion of a rai l road spur crosses the northwest corner of the

proper ty .

Rad ioLoe ica l  E is to rv

There is no evidence of contaminated waste burials on the property l I r .

I t  i6 suspected, however,  that r+'aste incinerat ion operat ions were perfor:ned

on a  pad on  the  eas tern  por t ion  o f  the  s i te  p r io r  to  !954.2  g  LgT l -7T

survey by the Oak Ridge Operat ions 0ff ice of the AEC ident i f ied radiat ion

levels of 20-50 uR/h on this port ion of ProPerty,  and during the L972

decontaminat ion efforts,  contaminated acrap wa6 removed from the si te.

Iu 0ctober 1978, an aerial  radiologieal survey of L00W was conducted

by EG&G. This survey did not ident i fy signi f icaat ganma radiat ion Levels

on property Hr.3 A mobi le scan of accessible LOOW roade, performed by Oak

Ridge National Laboratory in November 1980, conf irmed the earl ier AEC

findings of above background radiat ion levels along M Street,  Weeson Road,

and 5 th  s t ree t .4

SURVEY PROCEDURES

The comprehensive survey of L00W off-site property Er was perfo:med by

the Radiological  Si te Assee6nent Prograu of Oak Ridge Associated

Universi t ies (ORAU), dur ing the periods of June z-LL and July 7-2L'  L982.

The survey was in accordance with a plan dated March 19, L982, approved by

the Department of Energyrs Off ice of Operat ional Safety.  The object ives

and procedures frorn that pLan are presented in this sect ion.



Obj ect ive

The object ive of the survey was to provide a comprehensive asseasment

o f  the  rad io log ica l  cond i t ions  and assoc ia ted  po ten t ia l  hea l th  e f fec ts ,  i f

any ,  on  proper ty  Hr .  Rad io log ica l  in fo rura t ion  co l lec ted  incLuded:

direct radiat ion exposure rates and surface beta-gamma dose

r a t e s ,

loca t ions  o f  e leva ted  sur face  res idues ,

3. concentrat ions of radionucl ides in surface and subsurface soi l ,

4.  concentrat ions of radionucl ides in surface and ground water,  and

5. contaminat ion leveLs on pads previously used for storage or

incinerat ion of contaminated wastes.

Pro cedure s

t .  S i te  Prepara t ion

Brush and weeds were cleared as needed to provide access for

gr idding and surveying. This operat ion was performed under

subcontract by Modern Disposal Co.,  l lodel City,  NY.

A 20 nn gr id system was estabLished by Dlclntosh and Mclntosh

of Lockport ,  NY, under subcontract.  This gr id system is

shown on Figure 2.

Gamma exposure rate meagurements lrere made at the surface and at

I  m above the surface at each accessible gr id l ine intersect ion.

!.leasurenents were perf ormed using portable ganlna NaI (Tl )

ecint i l lat ion survey meters. Conversion of these meaEurementE to

exposure rates in microroentgens per hour (uR/h) was in

accordance w i th  c ross  ca l ib ra t ion  w i th  a  p ressur ized  ion iza t ion

chamber 
1

1 .

2 .

4 .

b .

2 .



3 . Beta-gamma dose rate measurements nere performed I  cn above the

sur face  a t  each access ib le  g r id  l ine  in te rsec t ion .  These

measurements were conducted using thin'ryindow Qngl(n2) G-l'I

detectors and portable scaler/ratemeters. Measuremetrts vere a18o

obtained with the detector shielded to evaluate contr ibut ious of

non-penetrat ing beta and low-energy photon radiat ions. Meter

readings nere converted t .o dose-rate in microrads per hour

(urad/h) based on cross cal ibrat ion with a thin-window ionizat ion

chasrber using soi l  samples from the property.

4. Surface (0-15 cm) soi l  samples of approximately I  kg each were

coL lec ted  a t  o r  near  each access ib le  g r id  l ine  in te rsec t ion .

Walkover surface scans were conducted at L-2 m intervals over al l

accessible areas of the property.  Portable gamna scint i l lat ion

survey meters were used for these scans. Locat ions of elevated

coutact radiat ion leveLs were noted and surface exposure rates

lrere measured at these locat ions.

At 2L of the locat ions of elevated surface radiat ion levels,

beta-gamma dose rates and exposure rates at 1 m above the surface

lrere also measured. Surface soi l  samples were obtained from

these locat ions and, fol lowing sanpl ing, the surface exposure

levels hrere remeasured to evaluate the effect iveness of shalLow

sampling on removal of  the radiat ion aource. The 2L locat ions

where these addit ional measurements and samples were obtained are

ind ica ted  on  F igure  3 .

Detect ion Sciences Group of Car1isle,  MA, performed ground

peoetrat ing radar surveys. The purpose of these radar scans l tas

to ident i fy the presence of underground piping or ut i l i t ies which

would preclude borehoLe dr i l l ing. Ground radar would also

ident i fy other subsurface objects or anomalies which night be

ind ica t ive  o f  was te  bur ia ls  on  the  s i te .

5 .

6 .

7 .



8 . Borehol-es rrere dr i l  led to provide a mechanism for logging

subsurface direct radiat ion prof i les and col l"ect ing subsurface

soi l  and water samples. Fi f teen boreholes were dr i l led to ground

l ra te r  depth  (2 -6  n ) .  These ho les  were  dr i l led  by  S i te  Eng ineers ,

Inc.,  of  Voorhees, NJ, using a truck'aounted 20 cm diameter

ho l low-s tem auger .  Th i r teen sha l lower  (0 .5 - f .5  n  deep)  boreho les

were dril Led by the ORAU radiol.ogical. survey team using a

portable motor ized auger.  These shaLlow boreholes were pr imari ly

at Locat ions where direct radiat ion measurenents and

groundlenetrat ing radar had indicated poesible residues. The

locat ions of these boreholes are shown on Figure 4.

Radiat ion prof i les in the boreholes were deter:mined by

measurements of gamna radiation at 30-50 cn intervals beth'een the

surface and ground water (deep hoLes) or the hoLe botton (shal low

holes).  A col l imated gamrna scint i l lat ion detector and portable

scaler were used for these measurements.

Ground water samples of approximately 3.5 l i ters each were

co l lec ted  f rom a l l  deep boreho les ,  where  i t  was  ava i lab le .

Col- lect ion was performed using a hand baiLer.  Soi l  samples of

approximately I  kg each were col lected from various depths in the

deep holes by scraping the sides of the borehoLe with a special ly

constructed sanpl ing tool .

Sanples from the shal low boreholes rrrere obtained using a

pos t -ho le  d igger ,  a f te r  the  ho le  nas  dr i l led  to  the  des i red

sanpl ing depth and then cLeaned of dr iLLing debris.  Subsurface

sanpl ing locat ions were at depths where gamna logging indicated

poseible contaminated residues and at addit ional random dePths to

adequateLy character ize the subsurface distr ibut ion and levels of

rad ionuc l ides .

9. Samples of surface water were col lected from two drainage di tches

and one area of standing arater shom on Figure 5.



10. Sediment samples of approximately 1 kg each were obtained at the

two drainage di tch locat ions where surface waler samples were

c o l l e c t e d  ( s e e  F i g u r e  5 ) .

l1 .  Twenty soi l  samples and f  our water samples were col lected f  ro 'n

the tewiston area (but not on former I,OOW property) to provide

basel ine concentrat ions of radionucl ides for comparison pulpose8.

Direct background radiat ion levels were measured at locat ions

where baseLine soi l  samples are col lected. The locat ions of the

baseline samples and background measurements are shown oa

F igure  6 .

Sample Analvses and Interpretat ion of Results

SoiL and eediment samples were anaLyzed by ganrla spectro'metry.

Radiun 226 lras the rnajor radionucLide of concern, although sPectra !ilere

reviewed for Cs-137, l l -235, U-238r and other ganma emit ters.  Several

samples with tr igh Cs-137 concentrat ions were analyzed. fot  Sr-90, since the

presence of high Cs-137 indicated possible nastes from KAPL or the

Universi ty of Rochester.  One sample having high Ra-226 and U-238 Levels

was a lso  ana lyzed fo r  Pu-239.

Water samples were anaLyzed fot gross alpha and beta concentrat ions.

Isotopic analyses were performed on water samples exceeding the EPA

drinking water standards for gross act iv i ty.  Addit ional infornat ion

concerning analytical equipn.ent and procedures is contained in Appendix A.

ResuLts of this survey nere compared to appl icable guidel ines for

forrnerly ut i l ized radioact ive mater ials handl ing si tes as presented in

Appendix B.



RESULTS

Background Level-s and Basel ine Concentrat ions

Background exposure rates and basel ine radionucl- ide concentrat ions in

soi l ,  detetmined for 20 locat ions in the vic ini ty of the former tOoW site '

a re  p resented  in  Tab le  1 -A.  Exposure  ra tes  ranged f ron  6 '8  to  8 '8  UR/h

(typical  levels for this area of New York).  Goncentrat ions of

rad ionuc l ides  in  so i l  were :  Ra-226,  (0 .09*  to  L .22  pCi lg  (p icocur ies  Per

gram) ;  l J -235,  <0 .14  to  0 .46  pCi /g ;  U-238,  <2 .20  to  6 .26  pCi lg ;  Th-232,

< 0 . 1 8  t o  l . l 8  p C i / e ;  a n d  C s - 1 3 7 ,  < 0 . 0 2  t o  t . 0 5  p C L l E .  T h e s e  c o n c e n t r a t i o n s

are typical  of  the radionucl ide 1evels normal ly encountered in surface

s o i l s .

Radioact iv i ty levels in basel. ine water sanples are presented in

Table 1-8. The gross alpha and gross beta concentrat ions ranged from

0 . 6 3  t o  0 . 9 5  p C i / l  ( p i c o c u r i e s  P e r  l i t e r )  a n d  2 . 7 3  t o  9 . I 7  p g i l L ,

respect ively.  These are typical  of  concentrat ions nornalLy occurr ing in

sur face  water .

Direct Radiat ion Levels

Di rec t  rad ia t ion  leve ls ,  sys temat ica lLy  measured a t  g r id  l ine

iDtersect ioos, are presented in Table 2. The gamna exPosure rates at I  m

above the  sur face  ranged f ron  6 .2  to  18  uR/h  (average 9 '1  +  4 '5  uR/h) '  A t

surface contact the rates ranged from 5.7 to 22 U R/h with an average of

9.4 + 5.6 uR/h. Dose rate measurements perforned with the deEector shielded

averaged approximately 207( less than those with the unshielded detector '

This indicates on1.y a smal l  Port ion of the surface dose rate is due to

nonpeDetrat ing beta or J.ow-energy photon radiat ions.

eoneentration measuz'ed uas
Li.mit of the proeedure.

* The Less than
Less than the

sumbol (<) indLcates tLnt the
iiri*u^ statistieal dete eti on
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The walkover survey ident i f ied numerous smal1 isolated areas with

elevated surface radiat ion levels '  These locat ions are indicated on

Figure 7. Exposure rates in contact with these elevated areas ranged uP to

365 uR/h .  D i rec t  rad ia t ion  leveLs  a t  the  21  loca t ions  se lec ted  fo r  fu r ther

invest igat ion are presented in Table 3. Gamma exPosure rates at contact

and I  m above the surface at these locat ions ranged from 18 to 365 uR/h and

12 to 33 uR/h, respect ively.  contact beta-gamma dose rates ranged fron 110

t o 5 5 S o u r a d / h . C o n t a c t e x P o s u r e r a t e s w e r e D o t r e d u c e d b y s o i l s a r n p l i n g

at most of these locat ions. At many of the points,  exPosure rates actual ly

increased fol lowing sampl ing. These results indicate t 'hat the contam-

ination at some locations extends greater than 15 cm below the surface and

is  d i f fused ra ther  than in  d isc re te  par t i cLes .

Direct radiat ion levels at gr id l ine intersect ions on ProPerty H' were

general ly higher on the southeastern and eastero port ion of tbe si te and

a l o n g " M " s t r e e t a n d 5 t h s t r e e t ' A r e a s o f s u r f a c e c o n t a m i n a t i o n '

ident i f ied as elevated eontact radiat ion levels,  were al 'so concentrated in

these port ions of the Property.  Measuremetrts oD the concrete pads or

f o u n d a t i o n s d i d n o t i n d i c a t e c o n t a m i n a t i o n o f t h e s e s t r u c t u r e 8 .

Tables 4 and 5 l ist  the concentrat ions of radionucl ides'  measured io

surface soi l  f rom the gr id l ine intersect ions and from selected locat ions

o f e l e v a t e d r a d i a t i o n ] - e v e l s o n P r o P e r t y l l , . T h e s a m p l e s f r o n g r i d ] . i n e

iDtersect ions (see TabLe 4) contained Ra-226 concentrat ions ranging from

0.51 to  15 .7  pc i /g .  The h ighes t  Leve l  l tas  in  eample  19  f ron  gr id  po in t

2 0 N , l 6 0 E . A p p r o x i n a t e l ' y h a l f o f t h e s e s a m p l e s c o n t a i n e d R a - 2 2 6

concentrat ions exceediug those in the basel ine soi l  samples'  several  of

these samples contained elevated u-235 and u-238 concentrat ions'  The

highesr tJ-235 level was I  .14 pl i le,  the highest u-238 Level was 14'7 pCi/g'

concentrat ions of Th-232 aud cs-137 were not signi f icantLy di f ferent from

those in baseLine samPles '

TwentY-one surface soi l  samPles

rad ia t ion  Leve ls  ( re fe r  to  Tab le  5 )

from locat ions of elevated contact

al l "  contained B.a-226 concentrat ions

8



above those in basel ine samples. The highest B,a-226 concentrat ion,

1750 pCi /g ,  was  in  sample  B6 (g r id  po in t  52N,  1418) .  Th is  sampLe cons is ted

prinar i ly of  a bl .ack mater ial  resembling an ash residue from incinerat ion.

Sample 82 (at 63N, 140E) contained f480 pci /g of U-238 and 66 pci /g of

U-235, but only 2.L4 p9i lg of.  Ra-226. Several  addit ional sampLes contained

elevated leveIs of U-235 and U-238. Cesiun-137 concentrat ions were also

elevated in many of these samples. Sanples 86 (at 52N, f4fE) and 818 (at

l4N,  178E)  conta ined the  h ighes t  Cs-137 leve ls  o f  27 .L  pCi lg  and

33.0  pCi /g ,  respec t iveLy .  Sr -90  concent ra t ions  in  these samples  l te re

9 .7L  p9 i lg  and t .29  pCi le ,  respec t ive ly .  Thor ium-232 leve ls  were  e i ther  in

the range of the basel ine sampLes or l rere below the detect ion sensit iv i t ies

of the analyt ical  procedure. Sanple 818 (at l4N, 1788) also contained

f3.3 p0i/g of Co-60; none of the other samples contained detectable leveLs

of this radionucl ide. SampLe 818 nas aLso analyzed for Pu-239; the

concent ra t ion  o f  th is  rad ionuc l ide  was 0 .30  +  0 .26  p9 i lg .  Because o f  the

large error associated vi th the result ,  this analysis shouLd not be

considered evidence that Pu-239 is present in the residues on property H'.

Ground Penetrating Radar Findings

The subcontractor 's report ,  summarizing the ground penetrat ing radar

survey results for property H' is provided as Appendix C. ( fnis report

also includes the f indings on property E ,  s ince the two propert ies were

surveyed simultaneously.)  This survey ident i f ied evidence of old bui lding

foundat ions or concrete pads. Other anomalies, indicat ing the possible

presence of smal l  bur ied objects or smal l  subsurface deposits of

e lec t r i ca l l y  t tac t i ve t t  mater ia l  were  a lso  no ted  a t  severa l  loca t ions  on  the

southeastern port ion of the property.  These anomaLies were at a depth of

approx imate ly  0 .6  to  1 .7  m be low the  sur face .  Pages 17  and 19  and F igure  8

of Appendix C provides addit ionaL informaLion concerning these f indings.

The ground radar at some proposed borehole dr i lL ing locat ions did ident i fy

poss ib le  u t i l i t y  serv ices ,  requ i r ing  sL igh t  re loca t ions  o f  these boreho les .

Borehole Gailrma-Logging Measurements

The resul. ts of gamma scint i l lat ion measutements, performed in

boreho les  ind ica te  tha t  con taminat ion  is  conf ined to  the  upper  0 .5  to  1 .0  n



of soil. The gamma count rates determined by the borehoLe neasurements

were  re l iab le  ind ica tors  o f  e leva ted  subsur face  rad ionuc l ide  1eve ls .

However, the ganma logging data was not useful in quantifying radionuclide

concentrat ions in the subsurface soi l ,  because of the varying rat ios of

Ra'226, V-235, U-238, and Cs-137 occurr ing in soi ls from this si te.

Radionucl ide Concentret ions in Subsurface Soi l

Table 6 presents the radionucl ide concentrat ions measured in soi l

samples from boreholes. Of the six borehoLes (El-96),  located to provide a

representat ive coverage of the property,  only I l3 contained elevated

subsurface radionucl ide concentrat ions. The sample from the 0.15 m depth

at this locat ion contained 9.2 pCi le of Ra-226 and also snal1

concentrat ions of U-235 and U-238.

BorehoLes H7-816 lrere at locations where the walkover scan survey had

ident i f ied probable surface contaminat ion. Subsurface eoi l  samples fron

moet of these boreholes contained elevated Ra-226 concentrat ions. The

maximun concentrat ion wae 18.1 pCi/g at the 0.5 n depth in borehol 'e 88.

AL1 of these boreholes indicated that Ra-226 soi l  contaminat ion ie

pr imari ly in the upper 0.5 m. Boreholes H8 and 1116 contained uraniun soi l

contaminat ion at 0.5 n. The U-235 and U-238 leveLs in borehoLe E8 were

1.43  pCi /g  and 23 .3  pc i /g i  respec t ive ly ,  leve ls  o f  these two rad ionuc l ides

in  boreho le  816 were  4 .85  pCi /B  and 101 pCi lg .

0n1y one of the renainiug boreholes, dr i l led in the general  v ic ini ty

of elevated direct radiat ion levels or radar anomalies, contaioed

subsurface radionucl. ide contaminat ion. Borehole 1122, contained 24.8 pALlg

of Ra-226 at 0.5 n. There were no signi f icant ly elevated uraniun levels

measured in  so i l6  f rom these boreho les .

None of the subsurface samples contained elevated conceatrat ions of

Th-232 or Cs-137. No other gamna emit t ing radionucl ides were ident i f ied in

the borehole samples.

10



Radionucl ide Concentrat ions in l later

Surface Water

Sample Wl from standing water on property H |  (refer to Table 7)

contained a gross alpha concentrat ion of 30 pCi/ l .  This sample contained

22.8 pCi/L of.  gross beta and 0.16 pCi/ l  of  Ra-226. The other two surface

water samplee from the drainage di tches, had gross alpha and gro88 beta

concentrat ions which were above the basel ine levels but wel l  within the EPA

dr ink ing  water  c r i te r ia  o f  15  pc i / l  and  50  pc i / l  resPect ive ly .

Subsurface Water

ldost of  the subsurface water sanples obtained fron boreholee contained

e leva ted  gross  a lpha and gross  be ta  concent ra t ions  (see Tab le  7 ) .  The

maximum leveLs were measured in sanple ! [13 from borehole H8. Gross alpha

and gross beta concentrat ions in this sample nere 799 pCi/ l  and 363 pCi/ l '

respect ively.  This sample l ras also aaaLyzed for Sr-90 and contained

2.76 p9i lL of.  that radionucl ide. None of the samples analyzed fox Ra-226

contained levels of that radionucl ide exceeding the 3 pCi/ l  EPA dr inking

water cr i ter ia.  I t  should be noted that high concentrat ions of dissolved

sol ids in many of theee samples resulted in residues, which adversely

a f fec ted  the  de tec t ion  sens i t i v i t iee  o f  the  gross  a lpha proeedure .

Radionuclide Concentrations in Sediment From Drainaee Ditches

Sediment sanples from the drainage ditches did

radionucl ide levels signi f icantLy di f ferent from the leve1s

s o i l  ( r e f e r  t o  T a b l e  8 ) .

COMPARISON OF SURVEY RESULTS WITTI GUIDELINES

The guidel- ines appl icable

L00W are presented in Appendix

isolated areas in the southern

contain

basel ine

cJ-eanup of the off-s i te propert ies at

With the except ion of severaL smal l

southeastern port ions of the ProPetty,

not

in

t o

B .

and

11



the exposure rates at I  n above the ground surface are less than 20 pR/h

above the  background leve l .  The h ighes t  leveL,  i .e .33  uR/h  to ta l  o r  about

25 pR/h above background, is only sl ight ly above the guidel ine. The

average level of  about 9 uR/h on property I l '  is wel l  beLow the 20 irR/h

cr i t .e r ia .

The results of the wal.kover surface scan and analysis of surface soi l

sampl-es from seLected locat ions of elevated direct radiat ion levels

indicate numerous isolated areas of Ra-226 soi l  cont,aminat ion wel l  in

excess of 5 pCLlg. As with the direct radiat ion leveLs the surface

contaminat ion is concentrated in the southern and southeastern port ions of

the si te.  Several  of  the samples from that area also contain uraniun

concentrat ions above cr i ter ia which have been used at other fornerly

u t i l i zed  s i tes  (approx i rna te ly  40  pGi /S) . Cesiun-I37 and Sr-90

concent ra t ions  are  w i th in  gu ide l ines  suggested  by  l tea ly ;  i .e .  80  pCi /g  o f

Cs-137 and 100 pCLlg  o f  Sr -90 .5

Borehole sampl ing indicates several  areas of subsurface soi l  with

Ra-226 concentrat ions exceeding 15 pCi/g. Most of this contaminat ion is

within 0.5 n of the surface. ALthough ground-penetrat ing radar ident i f ied

several  areas of subsurface anomalies, borehole Logging and sampl ing in tbe

vicini ty of some of these ano'mal ies did not ident i fy evidence of bur ied

contaminated residues .

Standing surface water,  f rom the general  area of concentrat ions of

Ra-226 contaminated soiL, exceeded 15 p0i/ l  of  gross alpha, water from the

drainage di tches was wel. l  wi thin that level.  Subsurface water from four

boreholes also exceeded 15 pci /1 gross alpha. One of the sampl.es at

799 p9i/1 gross alpha, was weLl-  above this level.  Other borebole water

samples indicated that contaminated residues on this property are not

producing general  ground water concentrat ions exceeding the EPA Inter im

Drinking Water Standards.

An evaluat ion of the potent ial  health effects associated with

radiat ion levels and residual contaminat ion on the property E'  is presented

in Appendix D. This sect ion compares these levels with background

L2



exposures in the Niagara, New York'  area

gu ide l ines  es tab l i shed fo r  the  pro tec t ion

genera l  Pub l ic .

and the scient i f ical lY based

of radiat ion workers and the

SIIM}IARY

A c o m p r e h e n s i v e s u r v e y o f o f f - s i t e p r o P e r t y H . a t t h e f o r : u r e r L a k e

ontario ordnance works site was conducted duriug June and July 1982' The

survey included surface radiat ion scans, measurements of direct radiat ion

levelsr and analysis for radionucl ide concentrat ions in surface and

subsurface soi l  samples, and in surface and subsurface water samples'

Ground penetrat ing radar was also used to ident i fy subsurface anomalies

which night suggest bur ied radioact ive residues'

The results of the survey indicate numerous isolated areas of surface

soil contamiuation. The najor contaminant is Ra-226i however' sevelal

areas of high uranium contaminat ion were al 'so noted'  cesium-l37'  Sr-90'

a n d C o - 6 0 w e r e a l s o i d e n t i f i e d i n g o m e o f t h e s a m p l e s , b u t t h e

concentrat ions vere wel l  below the guidel ine levels.  The area where the

Ra-226 or uranium surface contamination exceeds the guideline levels covers

approximately 6000 n2. Subsurface sampling and measurenents indicate that

this contaminat ion is l in i ted to the toP 50 cm of soi l '  averagiug about

25 cmdeep. Approximately 1500 m3 of soil l i lould thus have to be resroved to

br ing this property into compl iance with the cr i ter ia for unrestr icted use'

Although the coataminated residues on port ions of this property exceed

the guidel ines estabLished for release of the si te for unrestr icted use by

t h e g e n e r a l p u b l i c , u n d e r P r e s e n t c o n d i t i o n s o f u s a g e t h e c o u t a m i n a n t s d o

n o t P o s e P o t e B t i a l h e a ] . t h r i s k s . T h e r e i s n o e v i d e n c e t h a t m i g r a t i o n o f

the radioact ive mater ial ,s is adversely affect ing adjacent ProPert ies or the

g r o u n d w a t e r . I t s h o u ] . d b e n o t e d t h a t d u r i n g t h e s u r v e y , a n s c A e r r p l o y e e

informed a member of the survey teo that the previous ProPerty onner had

removed some of the surface soil ' This excavaled soil rtas rumored to have

been used for f i l l  at  several  residences in Lewiston and at the 93rd Street

school in Niagara Fal ls.  Fol lowup on this matter is being conducted by

Department of Energy lePresentat ives'
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TABLE 2

DIRECT RADIATION LEVELS

SYSTEMATICATLYMEASUREDATGRIDLINEINTERSEGTIoNS

Gr id
Locat ion

Gamra ExPosure
Rates at I ur Above

the Surface
(uR/h)

Garttma Exposure
Rates at

the Surface
(un/h)

Beta-Gamma
Dose Rates at

the Surface
(urad /h)

3N, 0E
3N, 208
3N, 408
3N,60E
3N, 808
3N, l00E
3N, l20E
3N, 1408
3N,1608
3N, l80E

20N, 3E
20N, 208
20N, 408
20N, 60E
20N, 80E
20N, L00E
20N, L 20E
20N,140E
20N,1608
20N,1808
40N, 3E
40N, 208
40N, 408
40N, 60E
40N, 80E
40N,100E
40N,1208
40N,1408
40N,160E
40N, l80E
60N, 3E
60N, 20E,
60N, 40E
60N, 608
60N,80E
60N, L00E
60N,120E
60N, 1408
60N,160E
60N,1788

9 .0
8 .9

10
9 .7

10
9 .7

L2
13
11
8 .0
8 .7
8 .1
7 .7
8 .2
8 .2

10
1 I
9 .7

10
18
8 .7
7 .7
7 .7
7 .4
8 .4

L1
L4
T2
L4
9 .7
7 .4
8 .0
8 .2
7 .4
8 .6
7 .7
8 .8

L4
9 .5
8 .8

10
8 .9

L2
t0
10

9 .0
L2
13
L2
8 .8
8 .8
7 .4
8 .0
7 .7
8 .7

11
9 .0

10
16
22
8 .4
8 .4
8 .6
7 .4
8 .0

T2
15
11
15

9 .8
8 .8
8 .0
7 .4
7 .7
8 .2
7 .7
9 .5

L2
9 .8
9 .5

55
48
66
60
7L
55
52
45
46
42
38
45
31
38
42
46
45
48
7L

100
45
23
48
31
48
55
51
43
58
45
46
37
25
38
20
37
43
38
29
46

/ . J



TABLE 2, cont.

DIRECT MDIATION LEVELS
SYSTEUATICALLY MEASURED AT GRID LINE IMERSECTIONS

Grid
Locat ion

Gama Exposure
R a t e s a t l n A b o v e

the Surface
(un /l )

Gama Exposure
Rates  a t  the

Surface
(uR/h)

Beta-Gaoma
Dose Rates at

the Surface
(urad /h)

80N, 4E
80N, 20E.
80N, 408
80N, 608
80N, 808
80N,1008
80N,1208
80N, 140E
80N, 160E
80N,178E
95N, 0E
90N, 208
95N, 408
98N, 608
90N, 808
90N, l00E

100N,1208
90N,1408
90N, 160E
90N,178E

8 .2
6 .4
6 .2
6 .6
7 .2
8 .0
6 .8
7 .7
7 .4
7 .3
9 .7
6 .8
7 .4
8 .2

t2
8 .7
7 .4
6 .4

a

9 .0

8 .0
5 .7
5 .9
5 .9
7 .2
7 .4
7 .2
7 .7
7 .2
8 .6

10
6 .4
7 .0
8 .7

l 5
9 .5
7 .3
6 .4

a

10

l+0
31
26
38
35
23
29
38
25
37
42
23
3 l
29
60
35
35
40

a

45

a lleasurement not performed due to presence of surface ltater.

24



Itl

o

3g
ts

E
q,

F
o(,)
O
t{
a

th
. g

d i o

O I J
H 6
t l r
o 0 !."{ tr

lq O)(,)
o g
! o

o
H
q, F{

o o
& c n

6 C) n c) € 6 6 n 6.9 o\ O e 6 il I n I D :? Q
o  F  C o  F  o  F . t  F o  ( o . i t  €  o  c o  o  n -  €  o  o  €
6 . i l  .$  6 f l

O - N m . t 6 \ O F € o 9 -
i N O S n \ ! t F @ O - _ -  - - - d N
re ii ii !e ro ro re o re tq re ct € F rll tl te ra F JQ ra

o o o o o o o  o o o  E ) o o o  o o 9 9 o  9 O
6  =  -  -  F -  o €  o -  o d  F  n  F  r  6 o \ -  o -
oc; -i G - aa ; r fi d.if d N o cl fr r o N d r O

N  6  i d  N

rd Bl !d lr: El El rrM El L: td td 9l g:9: tsl Br H 1{ r+ E!
6  5  F  F  F ;  c o  G  N  d  n o  €  F o  r  o  @  6 q  !
o  5  o  n n . 5 :  n  o  { t  o d o  6  F  F  F  -  F  F . i t  r D
* d : a - - r t d - t d  l d d d - - i

z  =  z z z z  z  z  z  z z z = z  z =  z  =  z  =  =
G  =  A  N ;  N  -  6 . g i  d 6 O  \ O  o O  O  r €  e  I  r
G  U . o . o  t r i  6  n ' q ' { t ' C  6  o  N  N  f l  N  -  d  a  d

6 6 o CO OO n o n 6!o d 6 6 c) o o 6 N q) -  n

=  
^ I ^ - 3 - F  r | n 6 . o d R - o € o N  d s

6  N  6  N O d  n  €  d  N  6 d . S  n O . t  I  n  €  r a t  n

F c o * d N - i N i d N N N N N N - < d -

-  N  6  €  h  \ O  F  6  g \  O  d  N  O ' +  n  \ g  F 6 0  6  O  -
- d r < d d d t - - N N

d E

25

I
o ^
t s
< c

a
o v

( l i
E 6

o o

a &
o
o € J

lr: A

g G
9 Q
6

!

o
. i a
O E

o 6

Q)

6
&
O A
@ . c
o \

6
O l .
9 3
d v

H

o

r o ,
l o
l E
l q
l k

2l .
! t U
4t7
v l o

l €
o l
e l Eqtl
c l r

Iqrl
,.1
e l

8l
X l e
lrll o

l c t

IE
l o
l(,

g

t r o
9 F {

ct

u
6
I
o

a,t)
z
o
H Z
q^<
< i v
CJ (/l
o
Fl lsl

Q
F <
Fl t4

Eg
ftl cn
Ff
frl d
( , ) r I 1

( f I  H Q
< ! 4

ld Ff
- 1  ( / l <
e q  F f B
4 lrr
F.r > Fr-  

r l l : t r
F I H

z>

H a
< lr1

A l q
< H
C Hz
F{ Lr:

fsl H
&



ao 6 N 6 co € -  N o o o N N 6 co a9 {r  E 9 6d - o O O O r -  N o d r t  d o \o . f  \o { t

-  o  c -  o  o o - - o - : 6 ; ;  o A  5  o o  5  - = - 6 = = = o -

o o o o o < > o o o o o o o o o e o o o o o d c ; d < ; c ; c j o o ,  
o o  

. 3 o , o ,  l  t

+ l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l  i  
+ l + l + l + l + l + l + l + l ;  + t + 1 ;  

;

co € € o F i 6 N {l -1 i o r o ts n - e $ \o r,. * 3 5 g 3 = I ! I t S 5 x a q i 
' 

\ q
-  -  - ' ' :  " ? : ' :  :  i 1 t " l 1 ?  i  i  1  :  l :  l  - ;  - ;  :
€j cj ci -i o o o o o o d o ei j o o o o o o o <> o o o o o o o a '

$ N € F 6 . i ' € - - ? o  F ' + 6 6 r o n { c o {  6 N 6 o @ 6 n  9 : *  d € o d r  c t N

N 6 N r N N N o o o  o N N o o N f r r t N n  ; i i ; F i F F ' s  - " :  
i i " : : * '  : " :

:  d  d  d  ;  :  : :  ; :  F  r d  i  d d  d  ;  d . ; . ;  -  d . ;  . ; . ;
+ t  + t  + t  + t  + l  + l  + l  + l  + l  * 1  - l  . u 1  + l  + l  + l  + l  + l  + l  + l  + l  + l ]  + l  + l  + l  + l  + l  + l  + l  

i  
+ l  + l ;  + l  + l  + l  + l  + l d  + l  + l  

!  |

:  ; ' i ' ; ' " '= '= 'o '* ' r 'e sRxBBs6s ss? ats E€Ei '  qBo ssqAq " qq
\ 1 1 6 F F € 6 6 n o s  e t - - l - - " l Y - - - : - .  - ;  

. - - . ;  .  .  .

; ; ; ; ; ; ; ; : ;  c ; c ; J j d j " : " : j J  c j c j c j c j c j d o  o o  o o o o e  o o

€ c O

1 Y  d
, 6 - c 6 - ' - ' - o n € n 6 \ - o o \ o q  e i q { q Q i i  - , Q Q  i  IN F F N 6 € N N - - - :  6 r l i G  + l o  + l F n : 9 o o < o o < € o  I  F C

J : ; J J : ; J ; ; ; l ; J ;  i * s i d s ; " ; * J - i i d i  i  d : - o { m 6 6  ! ' - r r ?  '  i
V  V V V  V  v  v  v .  t  J V V V V s  V ; V V  ' 7  V ' V  V  V  V  V  w  V  w  V  v  v  v  v  v  v  r v  v

.f

€  o  9  6 N  { n -  c o  q  F

-  -  . i  o ' f  6 r o  &  ' t  ' t  \ o

o  d . o  -  d  " o  -  *  -  -  i  ^ *  ^  I  I  -  ;  ;  ;  =  g  J  :  :  S  i  =  g ,  R  R  3  R ' ; . *  ;  d , F  R  I , ,
:  - , 1 i ; -  : : - i i  * , : i a  * r + t l  + r + r a l ' ' i 1 * 1 a - l ' l  a 1 - l  '  t  j g g : ' g g : g g g  |  |
o  . c O  o o O o o  

- t o d d  
" " o  ' " _ ' g o  ' o o O  c o  I  O (

V s V Y - t V V V V V c V v v K f  v = : 3 v v d v " R " v  v  N  o

. ;  . ;  j  i ;  d i :  i  ;  j  . ;

"=e  l x  =39R  3 i  R===  RRR =  i l i q3 := :  5F i l s  i 3 :R iFR  gs  g9
. , : .

o  o  o  e  o  o  o  o  o  o  d  d  c ;  < j  < t  < i  o  o  o  o  o  c i  c i  c i  d  d  d  o  o ,  o  o . o . o . o . o . o . o , ? , ? , ? ,  
I '

+ l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l + l  
i  + l + l + l + l + l + l + l + l + l + l + l  |  |

N  6 n 6 t s  O O \ i  N  c )  r o N  d  n 6 6 - €  u l -  O S  6 o  €  N  6  O a  6  F n N  - + €  s c O  O

F  F  \ o  6  6 . s  o  c o  o  -  d U ; i ; ; ' i  i i  o i  d ' t  n  n  q  q  4 {  Y  i  " : e  : : :  q : ' :  i " : 1 ' : :
j j i J -: -: -: ; -j --: J .; €; -: -: J i <; ; i ; ci c; o d 'i "i 

o o i o o o o - - o d N o

:JH€EgEHHHHHHHHHEEEEEHHg gHgEsEE*H€HH3E3gg*Hg

ii=ii i i i= = € €F F F = F ; €= € € g g e ee€ € € € € g € E € = € € e===

g  ? .  ! .

:  ; ;
c r 6  {  6 .  J  F o  6 o -  c r o - 9  6 €  F - q  6 g  -  N 6 { 6 € r @ O O  C  C

- . ,  J  i i ' i . i .  ; i  &  i \  F  q  : l  o  o  6  - o o 6  - o o s  z  =d c { - i 6 € F € o c d

26

: r,o

l t
l o

:

d

,o
r l

^ ' ?
d l- : r

( J l

6 l

! @

= N

6 6
c : o

N

i l

. N

, l

! ! -

a z

(n
tr:
Ff
trr
E
u2
Ff

u) ./)
z

trl O
c ) H
< H
lq CJ
d t ap c/)
v ) &r{
z ?
t1 Z

v)
' z l a
o z
H H

H F r

F e
z H
A &
O ( 9
6 E
C ) O

&
f d h

c
z

&

.if

F]
Ffre
H



lr
o
qt
F
q)
o

. 6
(a t+t
O H

.F{ 5
{,Jl 6
gt

r J 0
r!
. ! o
o o

g
o 0 ( u
E ( !

.rr o
r J H
E ! A

o o
| J u

t r o
o 5

tt
I

.  o E( \ l o o
q t c

o  3 . d
H ^ 6
=  v l J
O O N  €

.i'l o
h o

H q )
O  O r - {
r J A o E
H l { O
q r o ( o

| | l r
o H O
& t a z
( 0 p  o

27

6 i O f ' C d f '  N N  \ O € 6  I
Q - - - - N O

|  * t * t * t + l + l + l + l i  * r * r i  + l + l + l l  + l
6 N { F 6 O \ . 9  N f ,  i S o  €
o . $ € € \ t o o  r €  o @ o  N

4 o -  o

. i .  . a  c O  @ d  C ) h  S
6  - O  N  N O  s -  o

o o O O N \ c O  O O  o t O O  O
I  N  d c l  |  |  r  . l
r  + l  . + l  + l  .  . + l l  + l + l l  . + l + l l  + l' l c l

F v s - v v c €  f r 6  v o r 6  \ o
t s  @ €  r  6 ' $  O O  €

o o  o

o

€ $ S $ c O 0 d  - t  6 N o  O
|  \ O 6 o o \ O 0 6  |  @  + l  |  - O o  l <

i  " : . . : i ; J i . :  l ; -  i ; - j " ;  I  o
V V W V V V V V N V V V V

6  o \ o N
. $  n \ r s

C ) o - N d o o  d o ,  O O O  N
t  d N f l N O d  I  N N  I  I  N
r  + l  .  .  |  .  .  |  + l + l + l  I
i  

' o o o a o o  I  o o  |  |  e
6 V v v v v v  v v  { d . 3  v
. $  6 N \ ?

o  O O O

t s - € 6 @ 6 O  F . $  O F c o  4
- N = - - O i  i 6  N - -  d

< > < > o o o o o  o o  o o o  o

|  + t + t + l + l + l + l + l  i  + r + r  
|  

+ l + l + l  i  + l
. g C O r d F C r d  € O \ O  O O n  r >
O r O n r O . C n  \ C ) € )  . i t n \ O  O \

o o o o o d o  o . c  i c ) o

o u trl Bl lC s: !C c: !:l s: ld td C'l t4 t4 !! !!
6 o o - o o o c o o o o o o o o €
€ o o 6 N s € r  N s € € o N s € F

z z z z z z z z z z z z = z v 4 Z
5 6 6 o o o o n € r n c o o o o o a 9
@  o  o  c o  e  c o  c o  o  o  6  6  6  O < )  O \ 6  6

Q o 9 A

?zgg
X - * - $ n € F  5 o o  

- o c ) d N  
b o

Z  - t s  s  s  - s  € . t  z  { . 9  z  n n 6  z  6

I

I N

, N

oor Fr

o ,

S l

o i o
I J I N

(J

0 ,

d t n
r -
I N

r l

I

I
I
I

l €
I N
i N

i F

(0

E . i

-:

o .

6 Z

u)
Ff
O{
=
v)

Ff
H
o(n

u)
t a z
a o
< H
Fli H
d . L )
t frl

. cl, V)
l , &
C ,  ? t r l
O  H E {
o z

c a H
6 z

.$ o rrl
H Z

TIl E-{ H
Ff < F']
4  F . n
< . F F

F .  Z H
t a &( ) ( )

3z
C ) O

&
Isl tr.

c
zo

&



o\
crl
c ! o
l o \
, l
P{ t{

tt)
r+{ E
O t+{ oI)

O " {  '
o0 .c ro

\ . o0  ( l )
.rl \ tl{ Ft
( J ' r {  O  A
A c )  E

4 . ,  a !
\ g F t ( o
c-{ \0 ,. ( n  o  ( u
o . o ( o

. o l { o
+ l  t

+ l  o e
O E( n O \ r ,  E

. Sl ."{
O . o

d  H \ o
E  ( ! ( \ l
t r €  N
o c t a l

q t l { q l
o  o &( ' r o  H
I  \ o  ! . t + {
l . . l O O( n o

c ) o o
| + {  > d
O l+a '!'r O

.  o !  >
@  o o  ( r | o

F l  . \  O o + i  F l
O  4 l ' d \  O
>  O ( ) . . {  h . C
q r . . . {  A C )  O 0

Fl ,!, o. id '.{
( , l r n  t s

t r . ' { | . \ C . )  t 0
O + ,  E. . ' l  ( t te, - ' l  (a O
r J ! O L .
d  o  + l  + l ' . {  t + .

. r {  g
€  o0 - {  ( ' ) . d  00
o  t r f -  .  >  C
t{ .F{ . (n .r{ .d

!  o r ' - {  J - r  !
!  t r  ( J F l
r J  r " g 9  q l  =q r o o o  ( o
H o t r F i  o o

.?.1 .ra.F, l  F{ H'o tr  l i '  qt!
o | J + J q t ( D

H  C t r + r < l l
O E O O O e T

.r.t{ O) O () O t!
( v ) ( o r i H

6 t 6 O O O
O  i O @ o E { ' J
H O - ' { F r t r
5 ' {  e  ( l  q l  E  t
o 0 D 6 l  =  o. ? r ( t l o o E o

h L{ 0J r- ' l  F{.r{-  
t  A  A . F  E

o  o  ( !  E  e . d  a
. L J + , ' O O E '

o c D Q 9
t {  H  t {  o ' i
O 1y O o tr) o0lr

|+{ rr.r F .'{ .r{ l{ E
( l ,  q )  s & E  ( u  0
& d l z )  H F r F t  o

( 0 !  u !  o t r {

28

\c) i-r .$ 6 (fl \O (\l O\ \O 6l (r) (r) \O aY) \O O
O\ e{.S C.,l H (v) a O e-{ cO Fr |r\ O\ F{ d (t) l\ - C\ ln

a a a a a a a a a a a a a a a a

O O O O O sl  O *r  O O O O O..{  c ' )  O O O O O'-r
6l

+ l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  _ .  + l  + l  + l  + l  + l  + l
o

c - , 1  \ O € . f  F  \ g  O ( n o o @ r n ( \ l V ( n . +  \ t O
ft |rr .+.f  -r ' -r  \o @ F \o |r\  or.+ c{ c) \o o l-  \0 -{

a a a a a a a a a a

0O () (V) r-{ O r\ O c.) O c-,1 O Ft F t\ O an (V) O O ln
Gl F{ (n F.

t'\

9
'-r \0 co (\l @ @ \0 (n ('! .+ o a rn N F c-,1 c-{ o rn o C\l
(Y) C-{ \O .S C.l .+ Gl rr .f rr ('t g\ |rt \g € c-| F. '{ N . sl

.  .  .  .  .  + l  .
,-{ o o o o d) o '-{ o o o c',-{ -{ o o -. '-'r o 

'(\1
V V V  V V  V V  V V  V  V V V V V  V  V V  V O V

\0

o

" :?
F O - { O  O  C O  ( ' )
o\ r't tn oo e{ \c| (\l

\ c t C - {  c ' c ) ' { ( Y t \ 9 C - { . + t n . + F \ F  c - . |  O
. i f  o . t  . 0 r O =  . \ O - . i f  a n

+ l + l  + l  + l  .  + l  r  r - . ; ' r  r s  . 6 1  .  + l  .  + l r -
\O F r-{ ,-{ Ft l\ t\ O\ ,-{ .if \O @ F ,{
V  V V V V V V V V V V V  V  V

\ 0 C \ 1  €  @ e ( n  0 \ ( \ 1
C - , l o $ r \ q \  O \  \ O ' { O  | r \ e

a a a a a o a

6 c.) (V) Fr c, c' Gl .{.+ .+ Fl
.. i- t\ - _O\ Fr \c' rn O .rn O\

+ l  + l  + l  + l  + l c r l  + l n  @ + l  + l  + l@ €  o \ .+  G  + l  + l r -  c . t
a a a a a a

\O.+ AO 6l d) O (n (n \O (r1 ci'{ O c-,1 (vr rn O l^
I \ ( ) F , { @  V  O  V  V  O \ - { O  V  V  V  V  V  T \ @  V  V

a a a a a a a a

- r \ O ( v ) d ) O  F l  G . l  , - { ( v t  F O

.rf
r {  g \ \O O t r . t  @ Or  O\q \

a a a a

@ N F d) -r <) r\ rr @ O o,l d) O Fi -l .-{ Ot O € Cp CO
t\ \o |Jn '-r |'\ Fr 6.) -t F{ r,l Gl F o .+ -{ .-r (n Fr cn rn
(\l F{ l\ oo F{ F{ .il'rn Fl $l (n Or

H

E O
tr: fd f:1 frl Fl lrf frl td ,r1 frf f:l trl Ff l{ ftf El E] tr] Ff Ef Fl
O\ O l\ 6,1 r.l Fr (p \O 6l d rn O \O F O F O @ ln !n (V)
('l .+ (n !n r\ .if l- sl \O c' Fr d) q\ l\ F l\ F{ 1\ f\ .il @
F{ '-'l F{ Ft '-t F{ Ft .-t Ft Ft F{ ri Ft '-{ F{ '-{ Fl F{ F{

a - 6 4 - a

zzzzzzzzzzzzzzzzzzzzz.f co (n c! € (\l F{ rn.+ -r rn o \o (Y) o o F.+ o o r\
\o) \o \0 \0 rr1 rn rn.f .+.+ 6a dr Gl N c\ N d -t -r -l

(\
$ @
(vl (rl

@
a

€ o ( \ l ( v r  o
c - { c o o s  r n
c- l .S N .+

(vl
( r . +  F { | . r l  \ O  O \  t \  l r \  \ O O \

a a a a t a a a

.f c| 61,-{ c' c) c) tn c) c-,1 c) (r1 rf't tn (\l O (n (r) O O F
F{

+ l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l

O - { N c n . f , r r 1 \ o F @ O r O - {
Fr 6l d) .+ |r1 \O l- @ Ot F{ F{ F{ Fl F{ Fl F{ F{ F{ F{ N C!

E 9E F FA FA TA'A Fq tQ FA EA Cq tq Fq FE lq FE TA FE Cq lq

f\
(.1

I
o(.)

c{
(n
c!
I

ts

Ll{

€
c.l
c.l
I

c.)
c-,1
I

\o
e.l(\
I
qt
&

E !
.r{ (0
k ( J

( , 0
FT

(o
o

I

UJ

ot)

(J
A

(a
tr
o

ql
l{

tr
o
(J

tr
o

o€

q,
a
o
rt
qt
&

(n
z

H

o
Fl

rrl
H

FT
fr]u)
E
o&h z
( n C J
rrl cn
F]
A d
E frl. t >
U ) O

Y
Fl Fl
H <

r r  o B(n
r l l r l r
Ff Fl ;E
F e  C 2 F

t s  f r i F
& A
( , , 1 e

f,l

z H
Fl [rr

H
ca E-.z z
9 H
F H

l'{ l-{

&
tsz
trf()
z
o

frf

l-a
Ff()

z

&



\ o  :  o 3: ?

ssssB s33:s -, i ,8 qeqqq qqqq qeqqq : ' i -ei : ' : ' i :q
: : ; ; ;  ; ; ; ; ;  , l 'se eee?e ee?e eeeee - 'eee -^eeev  v  v  v  v  v  v  v  w  \  

- : c ;

o  o  F o

xRsRH sBss$ s s5 qq xFsR aqqq qS.q i i iq
: : :  i  J  . ;  . ; :  i ;  x  J :  ; ;  s ; ; .  d . ; , . ; , . ; ,  { : , : , : , '  s  o  o ,o ,  E : , : , : '
+ l + l + l + l + l  + l + l + l + l + t  

' i + 1 .  + l + l - . + l + l  + l + l + l + l  
' ' l + l + l + l + l  

; + l + l + l  
; + l + l + l + l

n 6 N d o  - - - - - '  9 * ' 9  ^ ' e 9 P l  a 6 6 G D  v ' : - s n ?  V t S a  v S g g B
; i e . i o 6 '  o n i o d  

- V . '  
1 -  - -  : : : 1  i C l l ,

o o r o o  - c , - o d  c ;  - a  o o  d c ; c ; < ;  c i j o o  d d o  o - o -

6q  RJ
x o N O . i  r d < r c ' F  1 - -  o t : s t q ?  N t s o o  ' c { q { f  E o € -  d d 6 o o

. i t . c t s o 6  ^ - - - . ' i  
- . U i j  

; 5 ; r N ; i i  a i ^ F F  o ' o ' c - " d  ; 6 o i  '  ' o d ' i
.  .  .  .  '  ;  + l  

- ' - '  i  '  t  :  '  
- '  

i  '  '  + l + l  '  '  '

6 N o o N  o o m o c i  
- ' d c i  . * . t - 1  9 - { ! ' )  ; ; e i c ' i  ; s o s l l g  V V 9 9  - V 9 9

v v v v v  v v . . v  o . V V  v v v v v  v v v v  v v v v
'  o '

o  n N
d .t,

t s  F  9 3
6 F

N 6 6 i \ o  c r c ) d € o o  d . o ^  9 n 9 { 9  o € o F F  n 9 - ' q t n  6 d € d  ' q r o o c o

d - d N i  . a e - - j  
- . ; -  o d d d d  i ' i = I ;  c o s a J  ' i d N d  N  '  ' N d

.  1 1  '  '  '  i  + l  '  '  '  ;  '  '  '  '  + l + l  '  '

99999 _9999  : ' 99  99999  9999  eeeee  9999  9*og9
N \ O

d  d  
d o

!  a . ^ 6 $  6 6 0  \ t  O 6 d  n O €- . + . o o x . c  . o o n s I  s : 9  3 S 9 9 F  R 9 : J  q q q  i  1 { . : q  . : ' : 1 -4 - N - -  s - -  - : ' : - : - : - :

; . . .  . . . . :
o o o o e  o o o o o  o o o  o o o o o  c ; < ; d d  d d d o o  o o o o  d o o e o

+ l + l + l + l + l  + l + l + l + l + l  + l + l + l  + l + l + l + l + l  + l + l + l + l  + l + l + t i  + t  + l + l + l + l  + l + l + l + l + l

RssB€ ssGss Rsi qqqqq qqqq qqq"q l iqi  - j i i i'  - "  
"  "  "  j  i . ; d  

" ; t j d ' ; d  
c ; € ; < j G t  o o o  o  - d d d  c ' ( o - d o

o o o o o  o o o o o  o e e  s e e e v  d  l -
d

g?
6 6

9 ^  6  r ^  n  ! ^  ! c
: : -  l - - - o  d - ' . o  J - * - , o  i d - *  3 d - * - ,

BT
.rt

z
N

!r
F
F

2
o
N

a

v
F

F:
N
\o

z
F

El Ic
n €
d a

ee
d n

lrl
€o

z
@
r

EI
s
F

z
@
F

(o
.c

n h

c i  < n o . r t  i - * - ' *

F

29

N

N

c,

()
c

o

o

6
H
u

o
a

oq)

q,

6
d

E ^
! E
a v

A

6

E . d

t . q t
c ) s

o
'l

c,

9 z

(n
frf
Ff
A
t
ct)

i.l

cA

;:r
Fi
o
tI]
&
la

\ g Z

fil
F f r n
F q z

H H
ts
&
Hz
T{
C)
a
o
c)

lr1

H
Ff

z

g



O \ O
N N

.tf .it

@ \ O  \ t  C O  O  O C O  € O  N  - c O  €
O O  \ t  O  o O  N  N O  a  O

C ) C ) N N N  O o O N o  O -  O O  C ) N  O -  O < >  O . - +  o N  C ) N  n ! 1  n i l
o o o  o  o o  o  o  o  o  o o  . o  o o  o c

4 1  4 l  .  .  .  - l  .  r l  .  .  + l  .  + l  + l  . l  .  + l  .  + l  4 l  + l  .  + l  .' " o o o  ' o  ' o o  ' o  ' ' o  ' o  ' o  
o c  o  o o  o c

\ O n V v V  € V . t V V  N V  O \ t  6 V  C ) V  C O n  \ O V  V V  . q V  V v  V V
i C )  . t  O  6  € -  \ O  t s  \ O O  6  O

o o  o  o  o  d Q  o  o  o o  o  a

F F - d r  f i @ F l r  6 o  \ O  f r  \ O  6  O  o  N  t s
O m O O N  6 N q O  O . l t  N  -  d  O  O  O  N  -  S

o o o o o  € o o o o  o o  - c o  - c )  o o  € o  € o . c o  € o o  o o  o a

+ t + t + t + t + t  9 + t + t + t + t  + t + t  ! " , ! * , j * ,  j * ' j * r  j * r  j * ,  * t :  * l :
d O O n O  V . + 6 6 €  \ O . : '  v d  V €  v t s  v d  V C t  V N  V . C  N v  C ) v
n t s r o \ F  O , € n O  r C O  6  €  F  ( O  6  ( O  \ O  e  O

o o o o o  o o o d  o o  o  o  < >  o  o  o  o

o 6
. i l  r r . i l  . v l o  \ O O  6  6
O  .  . O  . O ^  F  €

a  r i q )  .  6 \ 9  t  .  O \ O  O
6 N \ O a l \ g  6 d  \ g F  € O \ O  o N  d r o  N @  6 d  \ O \ O  F ' i l  d €
- r i t  . a o f r  . O \  c o N  . F  . \ t '  F  .  . , ( Y t

.  .  + l  .  .  + l + l + l + l  .  €  .  + l + l  + l + l  + l + l  .  + l  .  + l  + l  :
6 O  

' N O  ' m  . C O  d m  d O  O  O  S
v v F v v  r o v  v v  v v  o  v v  d  v  v . o  v

F  € @ i  \ t . J  a i t \ O  m  @  N

6  N € n . O  6 \ 0  N F  C ) i  O  ' +  O r
o  d  € o  i
N  { d

c o €  n  @  O  O  ' f  N  \ O
. t 6 \ t  \ 0  €  o  n  \ O  O @  ' r t

o \ o F G O 6  o c ) c ) . f  i  C ) -  N @  i F  d C )  N c )  n c )  d €  O r €  N C )  d O
s i ( < | r < <  ; N  d  d  i  c o  r  N -  d r  d  N N- ; - ;  

;  ;  .  a l a l a l  J ' -  + l  j  + l  |  + 1 .  
- . + l  

. + l  + l + l  r r l
o o o o o  

' " ' ' o o  
o  o  e  o - r  o - '  o o  o o  o - '  o 9

V V V V V  n n v V  F v  o v  O V  V r  V n  n  v V  V v  V F  v V
F F r +  r  O \  €  N  @  O € O  O

o O O  O  N  O  o  € . +  O
i \ 0

< )  F d  O F  f r  n i  O \ O  - € O
6 N  6 O  r i l d  d  r d  N d  N r

O O  O O  O O  . f O  O O  O O  < ) O

+ l + l  + l + l  + l + l  J * t  + l + l  + l + l  + l + l
F  r n  \ t @  \ / @  C  \ O  . i f n  F €

n . t  O O  d . i t  6  € . r f  F \ O  F \ a )

o t  o r o  N o  o  o o  o o  o o
N

r u o o o 0 l 9 0 c ,
o o u g u o o g
6 6 6 6 6 6 n t 6

q q q u q g q q
i i n  t n  k n  ! . 6  9 6  ! h  g h  ! n  6  6  6  n
a t . a . = . a . r . = . r . ? .
6 c ' - N 6  6 c ) d N o  o o  a c )  o c : ,  6 C : )  o c : l  @ c )  O ;  c ) d  ( > d  c ) -

J:: rd !': 3d E: ad r': E: !! 3tr lr: lt:
\ o r @ ; n d \ o O F I N N O
- ) O r o \ g \ 9 . f . + \ O ! n \ O ' r t

d d d d i a

z z z z a z z 7 4 z z z
= - 6 ; 6 . a \ o f r 6 c o o
.t .O O .lt .rl .t 6 \g 6 'lt 6 .rr

6 d

o o
+ l  + l

€ €

6 n . o € F  € O r \ o  o . r t  a o
N N d t -  d N d d  . S N  N

o e o c o  c r o < > o o  o o  f l o

+ l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l

\ 0 \ O \ 0 6 @  t s ( O @ a - l  O n  \ O
F O n r O €  O 6 6 €  0 6  6

r N o o o  F r d c r c r  F d  o 6€ =

F c o 6 o
d N

N o - t 6 €
Io\

30

@

N
I

N
I

l xt o
t ?
l o
l ( J

N

fl
I

F

€
N
N

I

d

E . d

H 6
c ) e

rl

o

G i O
h z

d

a

6

!

o

o

ai

I

r'.

A E
o v

(t)

Ff
F{
E
rn

Fl

ct|

1I]
Ff

c. o
9 F a
Ci
oz
O H

- s D
\ O Z

Ff F{
F l H
Fq

H H z
rlr
z

frl

H
j

zo

g



o\
(r)
(\l

trr

o0

A

\0
sl

o

+ l
o
d)

o
i0

qt

e
o\
I
tru,

. o 0
@ \
(J .'-,1
+i (J
.r{ F.
la

q l .
+.r o
@

+ l
o0
Ei F{

l J .
t r o
7
o !
( J O

C '?r
o a
€ t r
o o

. at, ()
$ ( !

3 0
o q l

5 0 c t
00 Gl

.F{ O
h  O F I

f . a
o 6 E
! ( 0

a a ( o
K H
o o ( / )

l+{ H .n{
C, 1.. €

d trl Ei

ql 3 O

31

o o
o o

=

ss ds ssqqq qqqs. q:,qqs. qi i-q i : : i
; ;  : ' ;  deeee eeee e-eee eeee eeee

: :
o

nR i q iqi !  : :  l_1-: : : : :  : :=: : :
. ; . ;  9 . i  < ; 1 < ; c ; d  d - d o  o F o S

I,I' i I, Iri *rir*r +ti +r+r -.'; :'; :' :': ': ': ' : ': 'd :' :'; '
Rs oq 3.oqqq q"qq \ "q-q q?1:  l - '  I  ie
: d  d  j  . ; . ; . t  o  o o  o  d  ;  o o * o  c ' r  o  d o

g " :

sE jE q{iqq qqqq s.i ,qqq iE-qq iI i :
;g : '$ eeevs veev vJ 'vvv veee ve$v

; " i

N C o  €  o  €  N  s

is .n1___1":_ l^
R:  do  9o . : s9  d ,gg i  qqqq .  oF i=  Ro .9=  ==

: :  +,+'  ;1,; ;+ : ' ; ; ;  iJgg: '  l 'e+e e; 'ee ee
V v  g :  t $ t t '  *  " :  

. . :  
" l

- :c ;  c j  j  o e o

@ 6  o \  q r l n !  : 3 : =  R S : 3 5  g R R i  q  : I  1 l
r d  d - - t F

d . ;  i d  j i d d i  : : 3 ;  ; ; ; ; ;  ; ; ; ;  c i ' c c i c i  ' ; ' ;

+ l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  
l t ;  : t . - t  

+ l  + l

o 6  6 d 6 € G t  d . i d n  9 0 9 9 9 -  N € F d  6 v N F  o o

o €  o o o . o - - - j  i l ; ; ; d  F ' c n n E  1 1 q n  q  ! i  9 :

: : ; l  . j ; . j . i ;  " ; c ; d . ;  
d - ' : < ; d € ;  < ; - : ' j i  o  o o  o o

N

n 6 6 n 6 6 6 6

d -  d -  c i r a o ' r t  
- d - * -  

l - * - o  d - * o  c i - * -  i -

E r r r r F l x R H 6 R= 6 € 0 R i . : : . i . c 6
U ; g d - ; a

z==nGd6e
F v 6 . c ; N o

@ \ O
. C c

O N

@
flN

\o
NN

s
N

N O
N d G I

E ' l F

N

N
I

H

o
d
I

n
N

\o
N
N
I
6
&

A E
o v

I
o l

H

o
I

"o

o

L A
(jl 9

o
-t

q,

& .
9 z
!e

cn
Fl
F{
E

an

F l
H
o(n

j

t-t

g
. O

+J FA
Foz
9 H

' c')
\ g Z

frf H
F f H
F

H H z
,{
z
o

frl

F 1(,
z

g

I

I

_ t



o
C'

'.{
(a

!l 'o
q l o
l J E( o l {

o
00 r+{
tr t'l. d o
r J A

= t t. o Q
r n o t r

€ t r ( o
C  o . ' {
( ( l o

€ > l
Cl O t-{

( a 6
o q t g
c r €  q l

l o  o
Oll 6l +r

.F{ qt

h o o

o  q l !
& J t r( o . F a
t{  t .
o  o t

t + , t l r ( D
o H q l

d f r l F

( 0 !  o

32

N

o

+ l

N

o
o
fl

+ l
€
r
N

.rt

+ l
€
o

t t l
t t l
t l l
t l t

t l
t l
t l
t l

€ €
o o

o
+ l + l  .' o

N 6

o o

o3$R S .c5 tB  H3 ' r {- o i r o

O i j s O  G O . f o o ( P €  r C D ( D O \ @
N d  4  - N

+ l + t  + t + l l  I  + l  + t  + l + t  + l l  + l  + l + l + l  + l
o . S n V w n  6 c - ' l c  v  F ' S  ' q

c o i - i . o o i  d 6 6 m €  d O O o \

e . C o n  € d n € F  o @ o o G o
N g n

€  O O \  6 6  ' t  6  -  \ O
R = F  n o a n n e  \ o o n

6 d n  6 6 F 6 F t s  t  t s d F

O t . ( l  d  @ ' i N  d

+t  + l  + l :  ?  + l  + l  + l  + l  + l  + l  3  
+ l :  + t  + l  

-+ ln s V V n o  n v  v n - 9 0
o a i a n  o n o o o o  o o F

O d \ g  o r F F O €  q  r ! : 6
-  

-  
r - i  

R  
6

HHHSSHSRHSTHsFHR6
U i l  i t  F -  r  J gr 6\o F r  { '  N d o' i t_

z z z = z = = z z z 2 = Z = Z = 4
G 5 6 co 6 6 b' n F c) r O il \o @ dl o
I 6 6 i i n a n  r o . + N n d o \ o N

! ! t  l r t  L t  L ! . r { k | : . ! H
6 O a i a r o o a r q r o o o { , o q t
! ! ! u u 9 u u ! ! ! d 9 !

b b  bgEg#*EgE*g**83
3I! g s s g g g g g s g g g g g
o  o  q r q u q q q g q q g s u q u q
6 6 a ! e I r H L 9 t  l r r . k B 8 I

J8e a  ?-a  a  a  a  a  a  e  a  6  e  6  E
EEE€EE2o=22" ' " " " ,2 i i " .s
6 6 .5 ta ur o o ut v2 <h cn o u) v, 3l' u' 6

c ) o
I
I+t I€

o

€ t d d o . i t n \ O F
d d o $ n € F 6 o i a -
; ; l - -  i = E 3 3 3 8 3 3 8 8 3

l 6
l l
I H
l ( / t
I

I
I

a l
d l
\ l
. d l
a l
A I

v l
l €

@ l d
t r l N
o l l

. d t  6
e t d
q r l
L l

4,, I
u l

o t 6( ) l e
l o

o l 6. o l
. t l e
i l o
o t o
, t r r
t r t ( 9
Y I

€ l
6 l

4 l

I
I

I
I
l o
I A
l i
l <
l o
l o
l o
t t
I C '

ct

o
q

o
FI

I

lr

o
A
>|

F
o

E
6

6

o

qt
o

o . . d
E !

g t o

an
frf
Ff
A.
E

ch

&
tll
H

F

z

tn
F Z

o
t 4 H
F f H
Fcl

H t s
z
td

zo()

H

Ff()

z
o
F

&

tr



(o
()

(o

qt

@

o0
tr

I

o
(J

tr
o

ln '0

o)
q l o
H ( l '
5 3
o 0 *
g!. 6l

o ( o

H r {
l+{ lr
O H
& l a

( 0 t

33

o o

o o
+ l  + l
.+ o\
F G I

o o

.3.

g \ o

. + l
o

0\

e

O \ N
Fl .S

(vl (n

O \ O

o o

o o\

o < >

@ \ g
O\ O\

o o

zz
O \ g
\o !n

N ( n

CT2 U)

+ l  + l

Ff fsl

F\ o\

l\
(tl

I
o(,)

(\
(r')
c\l
I

E:{

@
6.)
N

I

e.l(\
I

q)
A

e
o

d
tr

tr
o
o
tr
o()

o
€

o
,tr
o

I
ql
&

\0(\
(\
I
qt
&

6c
o

"O "{

H G t(.,::) (.)
Fi

(u
A .
E V
6 z
v2

$

u)
l{
FTtr{
E

v)

Hz
ES
iA

A ( ' r
fsf trl
. n f r

(J
Z H
H H

A
(p ct)

z s a
r {  o ( )
- l  H <
c r  H z
t s  e <

EX
( J E
zo
o &
C) Iq

tll

Ff
CJ

z
o
o
C.



1 .

2 .

REFERENCES

E.A. Vierzba and A. Wal lo,  A Background Report  and Evaluat ion of

Resurvey Reguirements for th" fot i"r  Atonit  Energy Conmission Port ion

of the Lake Ontar io ordnance l , Iorks (draft) ,  Aerospace Corp' ,

A p r i l  1 9 8 f .

Energy Commission, Radiation Survev

3 .

4 .

Oak R idge Opera t ions ,  U.S.  A tomrc
o - ,1  T taann f  qm i  nn  t  i  on  Reoo r t  O f  t he

Oak R idge,  TN,  JanuarY 1973.

EG&G, Inc.,  SummarY RePort
Area. New York, I ' lAl ' lD-0I0'

T . E .  I l y r i c k ,  e t .  a 1 . ,
1

1 0 n c e  W o r k s  S l t e '

5 .

Si t "  -  D ta f t  Repor t ,  bRNt ,  oak  R idge,  TN,  1981 '

J . W .  H e a l y  e t  a l ,  I n t e r i n  S o i l  L i n i t g  f g f - D & D  P r g i e c t s ' - - ! : :  A l a m o s

Laboratory, Los Alamos, NM. 14-[ [J9r-136j asv'  (sept '  1979) '

5t+
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INSTRUMENTATION AND ANALNICAI, PROCEDURES



APPENDIX A

Instrumentat ion and Analyt ical  procedures

waLkover surface scans and measurements of gamma exposure rates were
perforned using EberLine Model PRIVI-6 portabl-e rateneters with Victoreen
Ibde l  489-55 gamma sc in t i l l a t ion  probes  conra in ine  g .2  cn  x  3 .g  cn  Nar (T l )
sc in t i l l a t ion  c rys ta ls .  count  ra tes  were  conver ted  to  exposure  leve ls
(uR/h) using factors determined by comparing the responee of the
sc in t i l l a t ion  dec tec tor  w i th  tha t  o f  a  Reuter  s tokes  moder  Rss- t r l
pressurized ionizat ion chaurber at several  locat ions on property Hr.

l" leasurenents were perfo::rred using Eberr ine rh,ascalrrr  Moder pRs-r,
portabLe rateloeters with l fodel Hp-260 thin-r indow, pancake G-M, beta
probes'  Dose rates (nrad/h) were determined by comparison of the response
of a victoreen Model 440 ionization ehamber survey meter to that of the G-!t
probes for a comPosite of soi l  samples from the si te,  which were high in
Ra-226 content.

Borehole Losgine

Borehole gamlna radiat ion measurements were perforured using a Victoreen
I ' lodel 489-55 gamna scint i l lat ion probe, connected to a Ludlun Model 2200
por tab le  sca le r .  The sc in t i l l a t ion  probe was sh ie lded by  a  I  .25  cm th ick
lead sh ie ld  w i th  four  2 .5  cm x  7  m ho les  even ly  spaced around the  reg ion
of  the  sc in t i l l a t ion  c rys ta l .  The probe was lowered in to  each ho le  us ing  a
tr ipod holder with a snal l  winch. Measurements rrere performed at 30-50 cn
in te rva ls  in  a l l  ho les .  The logg ing  da ta  was ueed to  ident i f y  reg ions  o f
poss ib le  res idues  and gu ide  the  se lec t ion  o f  subsur face  so i l  sanp l ing
loca t ions .  Due to  the  vary ing  ra t ios  o f  Ra-226,  v -23g,  and cs- l - r7  there
rtas no attempt to est imate soi l  radionucl ide concentrat ions direct ly from
t h e  l o g g i n g  r e s u l t s .

A-1



Soil and Sedirnent SanPle Anal#

Garnrna SPectrometrY

t)
K soir sarnples were dried at l20o c, mixed, and a port ion plaeed iu a

0.5 l , i ter Mari iel l i  beaker. The quantity placed in each beaker was chosen

to reproduce the calibrated counting gemetry and ranged fron 400 to 600 g

o f so i l .Ne t so i lwe igh t swe rede te :m inedand t t r esamp lescoun tedus inga

237Ge(L i ) de tec to r (P r i nce touGamaTech )coup led toaNuc lea rDa tamode l

ND-680 pulee height analyzer systen. Background aud couPton str ipping'

peak search, peak ideatif ication, and concentratioo cal 'culations were

perfo:med using the coBPuter capabilitiee inherent io ttre aaalyzer systen'

Ene rgypeaksused fo rde te :m ina t i ono f rad ionuc l i deso f conce tnwere :

Ra-226 - 0.609 MeV from Bi-2I4

U-235 -  0 .143 MeV

U-238 - 1.001 lleV from Pa-234

Th-232 - 0.911 !treV from A'c-228

Cs-137 - 0.662 I '{eV

Co-60 - 1.332 ldeV

(secular equil ibrium assumed)

(secular equil ibriun assuned)

(secular equil ibriun assumed)

Othet AnalYses

S a m p l e s w e r e a o a l y z e d f o t S r - g 0 f o l l o w i n g s t a n d a r d p r o c e d u r e s

specif ied in ,Radiochemical Analyt ical  Procedures for Aaalysis of

Enviro ental  samplesr ' r  EMSL-LV-0539-17r March LgTg' An outside I 'aboratory

p e r f o r n e d t h e a n a l y s i s f o r P u - 2 3 g u s i o g w e t c h e u r i s t r y a u d a l p h a

spectro scoPy Procedures.

Water SamPle AnaLvsis

water sasrples l rere tough-f i l tered through whatman No' 2 '  f i l ter paper '

Reuraioing suspended sol ids were removed by subsequent f i l t rat ion through

0 . 4 5 u n m e r o b r a n e f i l t e r s . T h e f i l t r a t e w a s a c i d i f i e d b y a d d i t i o n o f 2 0 n l

o f c o n c e n t r a t e d n i t r i c a c i d . F i f t y n i l l i ] . i t e r s o f e a c h s a m p l e w a s

A-2



evaporated to dryness and counted for

Tennelec l lodeL LB 5100 low-background

gross  a lPha and gross  be ta  us ing  a

proport ional courtet.

A.nalysis for Ra-226 was performed using the standard techoique

EpA 500/4-75-008 (revised). Analysis for Sr-90 was perfo::ned accordiag to

rnethods described in 'Radiochernical Analyt ical Procedures for AnaLysis of

Env i ronmen ta l samp les , | rE } , l sL -Lv -0539-17 , l . t a rchL979 .

A-3



APPENDIX B

SUMMARY OF RADIATION GUIDELINES
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DETECTION SCIENCES GROUP

IT{TRODUCTIOII AT{D SUII{ARY

Th isF ina lRepor tdc .qc r iu t : l l t t l l ?und-P-gne t ra t ing - ra l ta r - :u lY"uper fo rmedby
Detection sciences Group duri'ng 

- 
the weeks oi- Ju'tv 5 and-..'2 ' 1'982 ' at thq

f ormer Lake .niari o 0rdnanc. r' i i.t!," util ' lon; N;;' Yorr ' T19 survev covereo

serected tocations within specit ic areas i t  rn. prop.erty designated as

Area E, and Rrei H,. The ,urulv '"ut .Jt i io '*ta m'-acloi iancL with Oak Ridge

Associated un.iversit ' ies, l l . l= ' tr i inuf ' 'p '""nl !" .-bt i ; '  
no'  C-25303' Letter

Rerease r{o. r , 'aatea May zg, rge; l ' -rnaei * i--oirect ion of Mr'  Bit l  He' l ton

and Mr.  Less Cole '

The ground-penetrat ing-Iud^T survey hu-{-:1:. '  Purp-oses' T!: ' f i rst  purpose was

to search ror evidence -of uuriei  material ! '  
'The 

second purpose was to

inspect boring fo-cal ionJ for potential  obstacles'

The 'inspection of the borins locations was accomplisl:l^E i:::l?Sttilft l j i l

il,^,Xt.t#::i:::l.,Ui:i!1,-J,T,'.T^;r.1i]":ifr-'Ll?',"'T^ 
u-n-o un east-west

run, each cross.i ng'. the -si te of the o.oooJii 
"'toffi . ir il 't radar charts

showed any . indication of . a uir i . i ' -r*r i tv 
" ir -oln.i  

potent' ial obstructron

(.i . e. , a oi sffele buri ed goillitl , j!: .luiit ti.tg .thtl searched f or an

arternate tocatron which oi -o-  not-  show. .n i ' -pot .nt iat  obstacle '  Taking a

conservative 
-approach, 

.ths piopor.a 
-bor. i^g t"uf"uir-.vi rel0cated unless the

radar chart fii compr etery 
';i5;;-;i 

a1._*..i1- rloir'-ref r ectors (other than

ffi::?? :: 
"l:"ii; 

:1i,,'#,5...j' 1f HJi'"11"'$ iii' ff l :'::l'li ̂ l;:i 3;
tne bi ased boring_s .and rowi 

the -cooroinat.- t '  
or at 

-borings that were

re.rocated. Tabre I I  show, tr ,J"r*." inrorrut ion"ior the unuiased bo.ings'

The search f or buri ed- materi ar s was conducted by .^rg.i ng. the radar i n g.i d

patterns, uring the, i n-pluol"'irfr,-t 't-tuii 'r 'ta 

-dv 
onn'u^ iersonnel ' Figure I

shows the tnrde radar ,.uri 
'gr.i 

ql anO - .ai i- Uoi'ing t ocaii ons i n Area E' '

Figure 2 shows rhe radar gria . ia t t , .  uori l rg'  rolui i int in nrei H'.  Figure 3'

Fiqure 4, and Figure -s proui l .- i . tu"a tupl t ' i " [nt-tnree- iadar surv-ey grids

in ,  Area E, .  F igure 6 is  u 'o . tur t .a  map Jn iw- i 'ng-  tne radar  survey l ines ln

Area H'  .

, , ,e did not observe any indicat. ions of buried materiar in the port ions of

Area E' thai were , .u"ht l ' ' ; . ; ' ;1ot l ;  lh"-ouietueo' 
radar signatures are

cons'i stent 
"i 

tn the . inausiri J utt' - ':'l '' 
th; 

-it^d 
' lle t* no 

-evi 
dence of

excavati ons 
"rit ' l 

ea wi th f ore'ign materi.al ' not d'id we observe any obvl ous

breaks i n the ground. striia 
' 'oti ',J' - 

tnun ;;; irenches 
-tnut 

are- normal lv

observed above buri ed pi;; 
-I-n'- 

Area. . ,H' ' 
there ar'e' a number of radar

anomat ies that are lot ff i l f i i^t--l l i l '  tnt 
" p*tui t ino radar sisnatures

observed in  the generar  u . . i . '  in . r .  anomal . i . r " 'u" r .  t i t .a  ' in  iabre I I I '

Th.s Final Report provides a narrat ive tescript igl  of, : ] l  work performed in

accordance wiTn Lei, ter .n" i"Jr" ' -N;.  

-  
i .  .The--nairat ive 

descript ior i  9ou9l:  
the

methodolosv" of the radar'=';*qv'1' l--g::&i'i i ion-';t 
tf:- e{uipment 'and the

pr inc ipars  of  operat igr , - .nJ .  d iscuss ion-on ' th .  in terpr .e tJ t ion of  the. radar

data. copies of ar. f i.ro"ioir.;;- lt iuali rn'"tn. 
-ni 'enorx' 

rn addition to

the materi al contai ned .i n ini s report 

"-il 

I oi .t1t--1uOtt 
grap-h'ic charts

(vert icar p.ori tes) t .u. ueln"i louna' i 'n-uo6t ibim lna suppl ied to .RAU'

RADARVilSION



DETECTION SCIENCES GROUP

DESCRIPTIOI{ OF THE SURVEY

Area Surveying

The ground-penetrat ing radar survey covered port ions of  Area E'  and Area H'
using a S-meter gr id pattern except where bui ' ld ings or other structures made
it  necessary to deviate f rom the 5-meter spacing. Each radar survey' l ine,  or
t ransec t ,  i s  recorded in  a  F ie ld  Log.  The survey  l ines .  a re  sequent ia l l y
numbered in the exact order in which they were done. The survey l ' ine number
is  s imp ly  a  "bookkeep ing"  number  and bears  no  d i rec t  re la t ion  to  the
des ' ignat ion  o f  the  gr id  l ine  i t se l f .  The radar  char ts  a re  a lso  numbered in
the str ict  sequence in which the radar survey was performedn and therefore
are  keyed to  the  F ' ie ld  Logs .  Thus ,  radar  char t  # l l ,  fo r  example ,  w i ' l l  be  the
11th  en t ry  in  the  F ' ie ld  Log.  Among o ther  i tems entered  in to  the  F ie ld  Log
are the gr i  d I  i  ne ' ident i  f  i  cat ' ion,  and the start i  ng and stoppi  ng poi  nts for
the  par t i cu la r  survey  l ine .  A l l  o f  the  F ie ld  Logs  fo r  Area  E '  and Area H '
are bound in the APPEI{DIX.

In  Area E ' ,  the  ground-penet ra t ing  radar  survey  was conducted  by  hand-pu1 l ing
the 120 MHz radar antenna on a gr id wi th 5 meter spacings. Figure I  shows
the 5-meter radar gr id (heavy, dark l ines) super imposed on the Z0-meter
0 .R .A .U.  g r id  ( l i gh te r  g r id  l i nes ) ,  toge ther  w i th  the  loca t ion  o f  the
bor ings and the major surface features.

In Area H' ,  port ' ions of  the radar gr id were surveyed by towing the 
. |20 

MHz
radar antenna with the survey van, but most of  the survey l ines vrere run by
hand-pu1 l ing  the  an tenna.  F igure  2  shows the  radar  g r id  l ' i nes  w i th  l0  meter
spac ' ing  (heavy ,  dark  I  ines)  super imposed on  the  ZO-meter  0 .R.A.U.  g r id ,
together wi th locat ions of  bor ings and the major surface features.

Figure 3 shows in detai l  the radar survey l ines in Area E'  between 54gE and
624E,  runn ing  f rom 0N to  40N.  A l l  nor th -south  l ines  are  on  S-meter  inc re-
ments ,  bu t  the  loca t ions  o f  bu i ld ings  made i t  necessary  to  use  4-meter  and
2-meter  spac ings  in  the  eas t -west  d i rec t ion .

F igure  4  shows the  de ta i l s  o f  the  radar  survey  l ines  in  Area E 'be tween 640E
and 7AAE, running from 0N to 40N.

F igure  4  shows the  de ta i l s  o f  the  radar  survey  l ines  a long the  ra i l road
spurs in Area E'  between 680E and 79AE, running from 37N to 44N. (The
respect ive radar t ransect l ines ran along the center of  the south spur;
along the center of  the st ip between the two spurs;  a long the center of  the
nor th  spur ;  and,  a long the  nor th  s ide  o f  the  nor th  spur ) .

Borehole Surveying

Each proposed borehole locat ion was surveyed with a 5 meter cross-pattern
runn' ing north-south and east-west.  The centerpoint  of  the cross l ines are at
the  boreho le  loca t ion .  These loca t ions  are  marked on  F igure  I  and F igure  2
wi th  a  c ross  symbol .  The gr id  loca t ' ions  o f  the  b iased bor ings  are  tabu la ted
in  Tab le  I .  The gr id  Ioca t ions  fo r  the  unb iased bor ings  are  tabu la ted ' in
Tab le  I I .

2.
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DETECTION SCTENCES GROUP 8.

TABLE I.

BORIIIG LOCATIOI{S DETERI,IINED BY RADAR

BrAsE;;bRrNGs

Bori ng
Number

BI

B2

B3

B4

B5

B6

87

B8

B9

89 '

B t0

Bil

812

Bt3

Bt4

Bt5

Bt6

Bt7

B l8

Bt9

820

82 t

D' i rect ' ion of
Rel  ocat i  on

f'10u" ar North
Move 7m West

Move 2m North
Move 4m West

Move 3m East

Not accessable

Not  accessab le

Move 3m South

Move 2m North

Move 2m South

Move lm South

Move 3m West

Move 7m l.lest

Move 5m South
Move 5m East

Move 7m East

Move 5m East

Move 8.5m t lest

Proposed
Locat i  on

50 .5N, . |67 .5E

4 lN,  l70E

20N,  t75E

52N, 142E

40.5N,  
. |37 .5E

l6N, 122E

' ,39N,  i l 5E

'  42 .5N,  I  37E

.  29N,  I  50E
- ssN, 3408

l 5N,  340E

45N,  435E

55N,  450E

30N, 440E

20N, 470E

35N, 492E

23N,  523E

30N,  575E

25N,  660E

Between tracks,  693E

Between tracks,  730E

Between tracks,  775E

F i  na l
Locat i  on

60.5N, . |67 .5E

4 l  N,  l  70E

20N, 176E

52N, 142E

40.5N,137 .5E

20N,  I  I  5E

40N,  1  I  2E

42 .5N,  t40E

29N,  l50E

55N, 340E

l5N,  340E

42N,  435E

57N,  450E

28N, 440E

l9N, 470E

36N, 492E

23N,  520E

30N, 568E

20N,  655E

Between tracks,  700E

Between tracks,  735E

Between t racks ,  766.5E
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TABLE I I .

BORII{G L0CATIOI{S DETERI,IINED

UI{BIASED BORINGS

BY RADAR

Bori ng
Number

Direc t ion  o f
Rel  ocat ' ion

Proposed
Locat i  on

80N,  I  95E

78N,  lTgE

76N,  I  l 8E

l0N,  I  5E

581'1, l8E

sN;  53E

7N,  l57E
37N, 900E

5N,  870E

3N, 6g0E

5N,  503E

7N,  36gE

80N, 360E

80N, 460E.

6N, 225E

80N,  650E

6 l  N,  788E

I

2

3

4

5

6

7

8

9

l0

il

12

t3
t4
' t5

t6
17

;

3m

5m

3m

?m

2n

4m

3m

4m

4m

3m

;

Move

Move

Move

Move

Move

Move

Move

Move

Move

Move

Move

t,lest

North

North

I,lest

North
l.lest

West

West

East

North

North

F i  na l
Locat i  on

80N,  l95E

78N,174E

79N,  I  l8E

l5N,  l5E

58N,  18E

5N,  6OE

9N,  l57E
37N,898E

5N,  B66E

3N,677E

5N,  507E

I  tN ,  368E

83N, 360E

80N, 460E

6N, 225E

80N,  650E

57N,  788EMove South
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PRINCIPALS OF OPERATION

The ground-penet ra t i  ng  radar  sys tem i  s  an  echo-  l  oca t ' i  on  sys tem wh ' ich  emi  ts  a
br i  e f  impu ' l  ie  o f  rad ib  energy  1  as t ' ing  on ly  a  few b i  I  I  i  on ths  o f  a  second.  The
t ime tha t  ' i t  takes  fo r  the  lchoes  to  re tu rn  to  the  radar  an tenna cor responds
to the depth below the surface. By record' ing these depth--dependent echoes on
a  scann ing  t ime-based  char t  recorder ,  a  ve r t i ca l  p ro f i l e  o f  the  g round  i s
genera ted  wf r i cn  shows the  long ' i tud ina l  d is t r ibu t ion  o f  subsur face  s t ra ta  and
other  fea tures  over  wh ich  the  radar  an tenna has  passed.

The radar  impu lse  t rave ls  in to  the  ground a t  an  average speed o f  about  40
percent  o f  the  speed o f  l igh t  in  a ' i r .  The exac t  spegd depends on  the  na ture
o f  the  mate r ia l  th rough  wh ich  the  impu lse  i s  t rave l ing .  The  s lowes t  med ium
is  water ,  where  the  ipeed is  about  l l  percent  o f  the  spqed o f  1 igh t ,  T | t .
fas tes t  mate r ia l  i s  d ry  sand ,  where  the  speed ' i s  abou t  50  percen t .o f  !h .
speed  o f  1 igh t .  In  a ' i i ,  such  as  an  underg round  cav i t y ,  the  radar  impu lse
t rave ls  exac i l y  a t  the  speed  o f  1 igh t ,  tak ing  one  nanosecond  (one  b i l l i on th
o f  a  second)  to  t rave l  one foo t .

The ground-penet ra t ing  radar  equ ipment  ' i s  des igned to  measure  and d ' i sp lay
the  i ime-ba ied  echoe i  down to  a  f rac t ion  o f  a  nanosecond.  To  conver t  to
dep th ,  ' i t  i s  necessary  to  know the  exac t  ve loc i t y  o f  the  radar  impu lse  as_ ' i t
t r i ve is  th rough  the  g iound .  By  us ing  pub f i shed  tab les  fo r  va r ious  mate r ia l s ,
i t  i s  normal l -y  poss ib le  to  e l t imate  the  ve loc ' i t y  to  w i th in  l0  percent .  The
radar  sys tem Can 'a lso  be  ca1 ib ra ted  by 'ex te rna l  means ,  such  as  a  bor ing  o f  a
test  t rLnch. Qther methods ' invol  ve t r i  angul  at ' ion and geometr ic rel  at i  onshi  ps
tha t  a re  t ime-consum' ing  to  per fo rm in  the  f ie ld  bu t  a re  inherent ly  accura te .

A t  the  in te r face  o f  two mater ia ls , -  the  radar  impu lse  typ ica ' l ' l y  undergoes  an
abrup t  change  in  ve loc i t y .  i t  i s  th i s  change ' in  ve loc i t y  wh ich  causes  some
of the radai  energy to ba ref lected back to the surface of  the gro_und, where
i  t  j  s  detected Ui-  t f re antenna. The amount of  energy that ' i  s  ref  I  ected '  or
the  re f lec t ion  coef f i c ien t ,  depends on  the  cont ras t  be tween the  two mater -
j  a l  s ;  i  .  e .  ,  the  d ' i f f  e rence be tween the i  r  respec t i  ve  radar  ve l  oc i  t ' i es  .

A l l  mate r ia l s  w i th  the  excep t ion  o f  meta ls  a re  re ' l a t i ve ly  t ransparen t  to  the
passage of  radar energy.  Metal  s ref  

' lect  
a l  I  of  the ene,rgy str i  k ' i  ng t l ' , .

sur fa ie ,  So tha t  bur ie?-  meta l  ob jec ts  l i ke  p ' ipes  or  meta l  con ta iners  make
exce l len t  ta rge ts .  The  fac t  tha t  mos t  mate r ia l s  a re  re la t i ve ly  t ransparen t
means tha t  the  radar  impu lse  can cont inue to  send back  re f lec t ' ion  a f te r
re f lec t ion  as  i t  p .opagates  downward  ' in to  the  ground,  thus  revea l ing  the
var ious  subsur face  s t ra ta  and pro f i les .

In  e f fec t ,  the  radar  func t ' ions  as  a  "d i f fe rence meter " ,  by  d rawing  a
boundary  a t  the  in te r face  o f  two d i f fe ren t  mater ia ls .  The s t rength  o f .  !h .
re f lec ted  s igna l  i s  a  measure  o f  the  d i f fe rence be tween the  two mater ia ls ,
bu t  the  radar  sys tem does no t  p rov ide  any  k ind  o f  phys ' i ca1  assay  as  to  the
na tu re  o f  the  iwo  mate r ia l s . 'Exper ience  in  in te rp re t ing  radar  char ts ' i s
he l  p f  u1  ,  as  the  " tex tu re"  o f  the  mater ia l  can  somet ' imes prov ' ide  c l  ues  as  to
the  na ture  o f  the  mater i  a l  .  G ' lac ' ia l  t i  I  I  ,  mo i  s tu re-  I  aden organ i  c  mater ia l  ,
c lay  and grave l  a re  examples  o f  mater ia ls  tha t  have radar  s ignatures  tha t
are  re l  a t i i re ' l y  easy  to  recogn ' i ze .  0n  the  o ther  hand,  i  n te rspersed l  ayers  o f
o rgan ic  s i  l t ,  s i  l t y  sand ,  d tc .  ,  a re  imposs ' ib1e  to  iden t i f y  w i thou t  d i rec t
in ipec t ion  by  mean i  o f  a  tes t  t rench or  core  samp' le .  What  i s  impor tan t  here
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is  tha t  tes t  bor ings  or  o ther  tes t  methods  can be  used as  an  a ' id  to  the

i  dent ' i f  i  cat ' ion of  subsurf  ace mate-r- ' iJ l  s,-  ano the radar can show the di  str i  bu-

t i  on of  the mater. i  a l  over th;  l 'ength of  the path- t raversed by the radar

antenna.  In  th l ;  regarO,  i t  ' i s  us6 tu l  to  th ink  o f  the  radar  sys tem as  a

means o f  mak i  ng-  c l  o ie ly  
'  
spaced-  "e lec t ron i  c  bor i  ngs"  ,  .  cor respond i  ng  . to  :u9 l

sequence o f  echoes processed by  t t re .  radar .  0p6ra t ing  a t  a  speed o f  52

ver t i car  sound ings  per  second,  Th .  
- r iau- is  

c_ap 'ab .1e  o f  genera t ing  mi ' l l i ons

o i  the t .  "e lec t ron ' i c 'bo reho les"  in  the  course  o f  a  day .

The penet ra t ion  depth  o f  the  radar  sys tem depends on  the  opera t ing  f requency

and  the  e lec t r i ca l  conduc t i v i t y  o f  i f re  g round '  For  sha l low pene t ra t ion  o f  a

few fee t ,  t f re  op i imum 
- lno i . . - " i J  

an  op l ra t ing  f requency  ,o f  600 MHz '  Th is

smal l ,  l i gh twe igh t  an tenna can penet ra te  to  i  depth-o f  u^b^o ' t  5  fee t  under

the  most  advers i  g to rnJ  cond i t ions ,  and as  much as  25  to  30  fee t  under  good

cond i t i ons .  , ,Adverse"  re fe rs  to  f r i ! f i t y  conOuc t i ve  mate r ia l s  hav ing  a . res ' i s t i v -

i t y  o f  l ess  than  20  ohm-meter i .  g i roa  radar  cond ' i t i ons  wou ld  be  res is t i v i t i es

o f  severa l  hundred ohm-meters  o r  more '

Shi  f t i  ng to a I  ower operat i  ng f  requency pr.ov ' ic ies greater penetrat i  on '  .  the
. improvement  be ing  the  squqre_1-oot  o f  the- ra t io  o f  the  respec t ive  wave lengths '

An operati ng f requency of 
.|20 MHz ' i s a good ge-nera1 -flf n9,se f requency f or

reach' i  ng depths that i re neyonO inJ capabi" l  i  ty  of  t ]ne,  .600 MHz antenna '  There

i  s  a  cor respond ' ing  I  oss  o f  Oe ia i  I  ,  o f  spa t i  a i  reso ' l  u t ' ion ,  due to  the  1  onger

wave l  ength .  Th ;  "op t imum i  s  to  use  a i  h i  gh  an  .opera t ' ing  f  requency  as

poss i  b1e,  cons . i  s ten t  w i  th  the  
-  

opera t i  ng .  -dep ih  requ ' i rements  '  thus  prov ' id ' ing

the  bes t  poss ib le  de ta i l  under  t l ie  opet i t ing  cond ' i t ions .  The usefu l  range o f

ground-penet ra t ing  radar  f r -equen i ies ' i s  l im i ted  to  about  l0  MHz a t  the  lower

end, and aOoui t  6OO MHz (  I  
'gHz 

)  at  the upq'r  end .  The penetrat ' i  on of  the I

GHz,an tenna  i s  l im i ted  to  u -  i " tn . inches . "The  l0  MHz an tenna  can  pene t ra te

hundreds  o f  fee t ' i n to  the  g ro rnA,  bu t  the  co r respond ing  loss  o f  de ta i l

l ' im i t s  i t s  use fu lness  to  la rge- fea tu i res '  such  as  geo log ic  s t ra ta '

The d i  scuss i  on  regard i  ng  penet ra t ' i  on  depth  assumes tha t  a l  I  an tennas have

the  same power .  The penet ra t ion  depth  a t 'any-g ' i ven^ f requency  can be  ' improved

wi th  inc reased power ,  bu t  the  improvement  su t fe rs  f rom ' inverse-square  losses

as  a  func t ion-o i -a .p i f , ,  so  t f ra i  I  qu in tum jump ' in  power  i s  necessary  to  ga in

any s ' igni  f  icant ' improvement.  For t f r i  s  reason, Oetect i  9n.  S.qi  ences Group has

focused i t s  research  e f fo r ts  
-on  

improv ' ing  the  sens i t ' i v ' i t y  o f  - the  radar

rece ' i ve r  and . .J r . i n !  t f t .  i n te rna t  no \s .  o f " the  rece ive r '  These  e f fo r t s  have

pa1d of  f  by more i f ran OouUl i  n!  the -  penetrat i  on depth of  our equi  pment

compared to  s tandard ,  .o* . . . iu j i i -uuu i tao . te .sy -s teqs .  The present  e lec t ron ' i cs

are  now opera t ing  c lose  to  ihe"  theore t i ca l  
- l im i t s  

fo r  the  sens i t i v i t y  o f

non-c rogen ica l l y  coo led  e le i t ron ics '  Th is  improved . tT* i . ] i t1^^ . .? l ] , :T t
Detec t ion  Sc ien ies  Group to  ob ta in  da ta  under  cond i t ' i ons  tha t  were  prev lous ly

imposs ib le  fo r  the  opera t ion  o f  g round-penet ra t ' ing  radar '

RADARVISilON



DETECTION SCIENCES GROUP 1?.

SURVEY I'IETHODOLOGY

The ground-penetrat ing radar equiprnent is carr ied in a survey van' .* t t lq l
o"oui fes f2 'uof  t  Oc p6*.r  for  the'sol id state inverter used to.power the 120

";i i 

i i  .. lorOinS- equifient. Figure 6 shows the record:ing equipment mounted
in the survey van.

The most efficient method of data gathering is to use the survey vqn to tow

the radar antenna over the surfaci of thl ground.. The radar equipment is

iapaUle of  r r ign- 's l . .d 
-re.o.ding, 

and wi l l  prnovide good spat ia l  resolut ion at

ip i"Os up to-aUo[ i - iO lpn.  t , t f ien the terr i in does-not permit  the vehic le to
UE-O" iueh a long the  survey  pa th ,  i t ' i s  necessary  to  pu l l  the  radar  an tenna
UV hand.  Wi th  ihe  veh ic le -par ted-  near  the  center  o f  a 'survey  l ine ,  there  is

r i , t t ic ient  e]ectr ical  cable to al low a range of  about 
. |50 meters ei ther s ide

of the centerpoint ;  th is approach makes i t  possible to '  hand-survey--a l ' ine

about  300 meter -s  in  length ' r^ i i thou t  hav ing  to ' re loca te  the  veh ic Ie . -F igure .7
shows a 600 MHz radar antenna being ha-nd-pul led along a survey l ine.  The

normal speed ' is  a walk ing pace, or about 5 kph.

Detect ion Sciences Group has made a number of  innovat ' ions to faci l i tate the

survey process,-- i tp ioue the performance of  the equipment,  and al low more

eff ic ient  data gather ing.  t , . |e have:

-  weather ized the equipment to al  low ' i t  to be used in dusty
condi t ions,  fog,  heavy rain,  or  .  snow' and under temperature
extremes

- developed a radiat ion shield to el ' iminate ref lect ions f rom above-
ground 'ob iec ts  Gpower  l ines ,  ia rked.  veh ic les ,  meta l  d rums,  t rees '
6ui I d.i ngs ,- etc . ) wi thout degra-di ng the performance of the antennas .

-  constructed a " f i f th wheel"  odometer which at taches to the bumper
o f  the  t r . *y  uun and au tomat ica l l y  marks  the  radar .g raph ic
record wi th in i remental  d ' is tance along the radar survey path'

-  bui l t  an automat ' ic  stop-start  re lay system to al low the operator
to control  the radar equipment whi le stat ioned at  the antenna.

- made propri etary el ectroni c mod'if i  cations whi ch provi d-e a f actor
of  2.4 gieater 

-penetrat ion 
than the standard,  cornmercial  equipment

under  equ iva len t  opera t ing  cond i t ' i ons . '

The fol  l  ow. ing sect i  on l ' i  s ts al  I  of  the radar equi  pment.
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*.innmftd

The radar
cont ro l  s .
ver t i  ca l
recorder
over the

13.

* *
*
*.*

* '

F' igure 6.

CHART RECORDER AND RADAR CONTROLS

equ. ipment ' i s  car r ied  in  a  van,  where  the  opera to l i s  ad ius t ' ing  the

id-t [e-r ignt  of  th l  operator is the chart  recorder which generates

p"o t i i " r  o r  the  grounh.  T ! .  power  supp ly  and the  four - t rack  tape

are not shown. l to imJtty,  the van is useO to tow the radar antenna

ground ,bu t thean teqnacana lsobepu l leda longbyhand .
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t"L

Figure  7 .

600 l'lHz RADAR ANTENNA

The operator is guiding thg 600 MHz radar antenna a1019 lht  surface of  the

ground to g.r , . .u i .  ver i icat  prof i1e char is.  The handle has an electpical

button whi ch el  ectron' i  ca1 1y annotates the ground I  ocat i  ons on the radar

char ts .  Ex tend i i l - i f i  the"  le f t  o f  the  an tenna un i t  i s  an  e lec t r i ca l  cab le

(up to 500 feet in length) wh' i .h tonn.. ts wi th the rest  of  the radar system'

RADARVISION
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EQUIPMENT

Detec t ionSc iencesGroupownsamod. i f i edS lRSYSTEM-Sradarsys temwi than
. integral  uotorJi  FrOgOCj * icropiocJrtot-  uni t '  Out propl ietarv mod' i f  icat ' ions

to the radar system have prou!oiJ- i*" .ur .a ' .J;ge 
-und. 

sensi i ' iv i ty,  as wel l

as improving . ih'.  ; ;" ' ; ir-. i t i . i .n.v or tn. auii-datnering-process' Detect' ion

Sciences Group has also a.u.ioi.a-'sieciii- t'ryit,t"utv :g-u.r-pl:^t 
to facif itate

our radar surveys. The ind1viOual-  components of  the iadar equipment are:

.Gss lMode l4S00Cont ro lUn i t .Thecon t ro lun . i t con ta ins thebu lko fa l l
the radar el  ectroni  cs *J 

- ' rv i t .n 
controis,  and has an osci  I  l  oscope

d i  sP1aY.

.Moto ro laMode lM6SMM0I^ / lAzMonoboard-Mic rocompute r .Themic rocompute r
has  rea t - t ' ime process ' ing  capab i ' l i t y  I ; ;  

U i tp i tound remova l  '  d ig i ta l

f  . i  l  ter i  ng,  runni  ng uu..ugJr,  ano otnei  raa- i r  i ignut -process' ing al  gor i  thms '

. Hewlett-Packard Model 3964A Instrumentat' ion Tape Recorder' This high

oua l i t y ,  four  channe l  ta fe ' reJorder  p .ou ia . t  m is te r  tapes  o f  a l l  da ta

recordbd in  the  f ie ld .

.  Epc Laborator ies,  Inc.  Model 2g00 chart  Recorder.  Tl is scann' ing chart

recorder generates the narJlcopy radar graprr-i i 'crrarts (verti cal prof i I es )

used to ' i i terPret  the radar data '

. GSSI Radar Antenna Units' The radar
quencies;  the depth requirements of

f requencY selected for the survey:

. Remote StoP/Start Unit ' The
to control  the radar sYstem

antennas operate at  d i f ferent f re-

[h.-  tu.u.y determi ne the operat ' ing

[ ] 900 MHz [ ] 0Oo l'lHz t  I  SOO uHz iXl t20 MHz [ ]  ao mHz [ ]  t0 MHz

.  sears 500vA sol id state Inverter.  This power supply uni t^Drovides both

120 vo l t  ac  power  as  we l l  ,u ,  lZ  vo l t  dc  po* t t -To i  opera t ing  a l l  f ie ld

.qr ip*"nt  i ror i  tne survey vehic le 's electr ical  system'

remote stop/start  feature al lows the operator

f rom the  an tenna loca t ion '

.  odometer wheel  Assemb' ly.  This " f i f th wheel"  at tached to the survey

veh. icte prov. ia l ,  i r to* i t - i .  fogg* oJ inc-remJntal  d istance traveled along

the survey path, and automati"c-al' l 'y l ogs tne ground stat' ions on the radar

char ts .

.Suppor tEqu . ipment .Thevar . ioussuppor t .qgu ipment . inc ludes theMic ro -
computer coniro ' i ' - 'gor,  

- t f , .  
n.rot . - - [Jntrot /Mir ler  Uni t ,  Hand-held Marker

un i t ,  tow. ing  s teds ,  tow ing  h ; ; ; ; ; r ;  ana mi ic . i lun .o , t  e ' lec t r i ca l  cab les

and connectors.
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RESULTS OF THE SURVEY

The survey  began in  Area E ' ,  a t  loca t ion  540E.  The spec i f i c  loca t ions
suri/eyed in Area E' are shown by Figure 3, Figure 4 and Figure 5. The' loca t ion  

o f  the ' in ' i t ia l  survey  l ines  were  la id  ou t  by  Detec t ion  Sc iences
Group so  as  to  avo id .bu i ld ings  and o ther  obs tac les .  Thereaf te r ,  a l l  survey
l ines  were  a long gr id ' l ines  la id  ou t  by  0RAU personne l  a t  in te rva ls  o f  l0
meters.  In some instances, the radar survey l ine ran with an of fset  to the
gr id l ine.  The exact locat ion of  a l l  radar survey l ines was recorded in the
Field Logs (refer to the APPENDIX).

Area E'  at .540E, 25N.
The resu l ts  o f  the  survey ' in  Area Er  showed chemica l l y -contaminated  so i l  in
var ious  loca t ' ions ,  as  ev ' idenced by  zones  o f  h igh  e lec t r i ca l  conduct iv i t y
( Iow res is t i v i t y ) .  A t  Ioca t ion  570E,  25N,  the  contaminat ' ion  can be  a t t r ibu ted
to current operat ions by the present occupant of  the s ' i te,  SCA Chem'ical
Services Company. Crystal l ized sal ts that  have accumulated on e' lectr ic pump
motors and their  f lotat ion plat forms are be' ing removed by hand-scraping
these encrus ted  un i ts  in  a  loca t ion  ad jacent  to  a  ma in tenance shop.  The
res' idue from thi  s mai ntenance operat ' ion i  s al  I  owed to f  a l  I  on the ground,
where  ra in  water  w i l l  car ry  water -so luab le  mater ia l  in to  the  ground.  Water -
so luab le  sa l ts  a re  ion ic ,  wh ich  mod i f ies  the  e lec t r i ca l  p roper t ' ies  o f  the
ground.  Th is ,  in  tu rn ,  appears  in  the  radar  da ta  as  an  area  hav ing  a
l igh ter - than-normal  cont ras t ,  ' i nd ica t ing  h igher  ra te  o f  s igna l  a t tenuat ion
due to higher electr ical  conduct iv i ty. .  Detect ion Sciences Group makes no
representat ions about the enviornmental  ef fect  that  th is maintenance operat ' ion
may have on  the  s i te ;  th is ' in fo rmat ' ion  is  p rov ided on ly  fo r  the  purpose o f
report ing to OMU the observat ions made dur ing the radar survey.

Rai l road Spurs.

A  s imi la r  s i tua t ion  was observed a long the  ra ' i l road spurs  a t  the  nor theas t
sector of  Area E' .  Radar survey l ines adjacent to each of  the two sets of
t racks shows evi  dence of  chem' ical  contam' inat i  on.  Radar survey I  i  nes down the
center  o f  each t rack  show l i t t le  ev idence o f  con taminat ion .  The absence o f
contam' inat i  on i  n the center of  the t racks,  comb' i  ned wi th contami nat i  on al  ong
the  edges o f  the  t racks ,  suggests  tha t  the  contaminat ion  is  due to  sp i l lage
whi le f re ' ight  cars were being loaded or unloaded. Detect ' ion Sciences Group
makes no  representa t ion  as  to  the  na ture  o f  these sp i l l s ,  o r  to  the  e f fec t ,' i f  drY, that  such spi  

' l  
I  s  may have on the envi  ornment.  Th j  s observat i  on i  s

presented to 0RAU for informat ion purposes on' ly.

Bur ied  Ut i l i t y  L ines .
Bur ied  u t i l i t i y  l ines  were  in  ev idence in  var ious  areas  covered by  the
survey. I f  there were any need to do so, a map could be prepared to show the
I ocat ' ion of  the ut i  I  ' i t i  es observed by the radar.  The job descr i  pt ' ion
(Purchase 0rder  No.  C-25303,  Le t te r  Re lease No.  l )  does  no t  ca l l  fo r  a
u t i l ' i t y  map.  There fore ,  a  u t i l i t y  map has  no t  been prepared.

The observat ' ion of  radar targets ind' icat ing the presence of  bur ied pipes or
uti I i  ty I i nes was consi dered i n the pl acement of bi ased and unb'i ased
bor ings, as descr ibed in the next paragraph.

16.
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Boring Locations.

The proposed locat ion for  each bor ing to be done in Areas E'

17.

and H'  were
exam' ined by running radar survey l ines over each proposed locat ion.  The
except ions  are  b iased bor ing  loca t ions  89 'and B l0 ,  wh ich  were  no t  accessab le .
The radar  g raph ic  char ts  were  ana lyzed in  the  f ie ld ,  in  rea l  t ime,  to  make a
determinat ' ion as to whether the proposed bor ing locat ions might harbor
bur ied  obs tac les ,  such as  p ipes ,  u t i l i t y  l ines  or  bur ied  bou lders .  Where
there was reason to suspect that  there may be a bur ied obstacle,  the'
proposed locat ion was moved to a c lear locat ion which was kept as c lose as
poss' ib l  e to the proposed ' locat i  

on .  Tabl  e I  shows the proposed I  ocat i  on and
f ina l  l oca t ion  o f  a l l  b iased  bor ings  in  Areas  E 'and  H ' .  B iased  bor ings  a re
designated by the let ter  "B" preceeding the bor ing number.

Tab le  I I  tabu la tes  the  proposed loca t ion  and f ina l  loca t ion  o f  a l l  unb ' iased
bor ings .  Unb iased bor ings  are  l ' i s ted  numer ica l l y ,  w i thout  the  le t te r  "B ' '
wh ich  des ignates  the  b iased bor ings .  The in fo rmat ion  tabu la ted  in  bo th  Tab le
I  and Table I I  was prov' ided in hand-wri t ten form to ORAU personnef in the
f ie ld  a t  the  t ime o f  the  survey .  Inc lus ' ion  o f  these tab les  in  th is  repor t
provi  des conf i  rmat i  on of  the hand-wri  t ten i  nformat ' ion generated ' i  n the f  i  e l  d
by Detection Sciences Group.

Area  H ' .

I  n genera' l  ,  the radar charts of  Area H'  are consi  stent w' i th the i  ndustr i  a l
h istory of  the s i te.  We observe character ist ic radar s ignatures of  bur ied
concrete s labs containing rebars,  and ' l ' inear features presumed to be the
remains of  bu' i ld ing foundat ' ions or other structures.  In other cases, there
are  unexp la ined radar  s ' igna tures  wh ich  depar t  s ign i f i can t ly  f rom the  preva i l -
' ing ground signatures found at  th is s i te.  These abnormal radar s ignatures,
or  anomal ies ,  a re  p lo t ted  in  F igure  8 .  The use o f  the  te rm "anomal ' ies"
i  nd' icates that  the radar s i  gnature shows a s ' igni  f  i  cant,  J ocal  i  zed departure
f rom the  preva i l ing ,  o r  normal ,  radar  s ignatures  observed a t  the  s i te .

In  the  case o f  the  meta l l i c  re f lec to rs  (nar row,  dashed- l ine  symbol ) ,  the
radan  s igna tu r  exh ib i t s  a  charac te r i s t i c  " r ing ing" ,  o r  resonance ,  wh ich  i s
un ique to  bur ied  meta l  ob jec ts ,  inc lud ' ing  e lec t r i ca l  cab les .

The dark ref lector (med' ium dashed- l ine symbo' l  )  is  an area where the dielec-
t r i c  cons tan t  i s  s ign i f i can t ly  h igher  than the  preva i ' l i ng  d ie lec t r i c  cons tan t
found a t  the  s i te .  A  wet ,  sa tura ted  area  can have a  radar  s ignature  tha t ' i s
darker than the norm, but the character ist ic structure wi th in the wet
saturated area i  s usual  1y no di f ferent than the character i  st ic structre
found th roughout  the  s i te .  For  examp' le ,  in  g lac ' ia1  t i  I  I ,  the  radar  s igna ls
are  very  "busy"  and have a  grea t  dea l  o f  f ine  de ta i ' l  (1arge  rocks ,  e tc . )  and
is  genera l l y  lack ing ' in  d is t inc t  s t ra ta .  Wet ,  sa tu ra ted  a reas  in  g lac ia l
t ' i l I  have the  same "busy"  charac ter ,  bu t  a re  s imp ly  darker  due to  the  h igher
d ie lec t r i c  cons tan ts .  In  Area  H 'we  have  ru led  ou t  wha t  appears  to  be  the
wet areas, and are lef t  w' i th the dark anomal ies.

The i i t te ry  re f lec to rs  suggest  e lec t r i ca l l y  ac t i ve  zones  tha t  a re  in te rac t ' ing
with the radar s igna' | .  I t  is  suggested that ground samples b€ taken at  these
locat ions to seek an answer as to the source of  these unusual  radar s ignals.

The in fo rmat ion 'p lo t ted  in  F igure  8  i s  a lso  presented  in  tabu la r  fo rm in
Tab le  I I I .

RADARVIS[CIN
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19.

TABLE I I I

MDAR ANOMALIES IN AREA H,

Chart
Number

80

81

83

85

90

9 l

92

99

t0 l

i l8

Radar

!i_le
60N

s0N

30N

t0N

I 70E

I 60E

I 50E

20N

I 60E

B.H.#17

Depth
(Cm.  )

158

:

117

100

116

98

100

98

6 l

Locati  on
(Meters )

l45E to  t60E

164E to  t75E

l l5E to  l27E

1t  5E

8N and 3N

50N

52N

150E to  t55E

25N

3N o f  B .H.# ' t7

Comments

Dark,  j i t tery ref lector

J i t te ry  re f lec t ions

Ji t tery ref lector

Dark,  i  sol  ated ref  I  ectorn

Dark ,  j i t te ry  re f lec to rs

J i t te ry ,  d is tu rbed spot

Very dark locat ion

Darkened area

Dark ,  i so la ted  re f lec to r

Dark ,  i so la ted  re f lec to r

I RADARVISION
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APPENDIX D

Evaluat ion of Radiat ion Exposures
on Of f -S i te  ProPer tY  I I '

at the Former Lake Ontario 0rduauce Works
Lewiston, New York

II{ITRODUCf,ION

The U.S. Department of Energy has conpleted a radiologieal survey and

dete:mined that port ions of the Service Corporat ion of Anerica (SCA)

property,  Lewiston, New York, af ,e contaginated with low-l 'evel radioact ive

residues result ing from previous uses of this property.  This property is

part of the Fo::srer Lake ootario ordnaace l{orks (I,OOW) eite where

radioactive wastes from Manhattan Engiueer District aad Atornic Energy

Cornnission operat io1s were handled and stored. These \ tastes were pr ioar i ly

residues from uranium processing operat ioos. However,  they also incl 'uded

contaminated rubble and scrap fro,n deco,missioned faci l i t ies, biological

aud miscel l -aneous wastes from the Universi ty of Rocheste!,  aud low-level

f iseiou product waste from contaminated-l iquid evaPoratots at the Knol ls

Atonic Power Laboratory (mpl) in Scheuectady, New York. Receipt of

addit ional wastes was discont inued at the Loow si te io 1954. Although some

storage of radioact ive meter ials on a port ion of the si te cout inues under

the control of the Department of Energy, work involviog handling of

radioact ive waste has not been perfotmed at L00W for approxinately

25 years .

In 1954 a prelininary cleanup of the LoOw site was perfo::ured by Eooker

Chenical  Company. Approximately 1298 acres of the or iginal  151I acre si te

were then declared excess and eventual ly sold by the General  Services

Adninist .rat ion to var ious pr ivate'  cotrmlercial ,  aad govermental  agencies'

Service Corporat ion of Anerica is the current ol tner of a 4 acre tract f rom

the fo rs rer  L00W proper ty ,  iden t i f ied  as  o f f -s i te  p roper ty  Er .  Th is

property is aot occuPied or in uee-

This proper ty  was surveyed by oak Ridge Associated Univers i t ies '  Oak

Ridge,  Tennessee,  dur ing June and Ju ly  1982,  and found Eo conta in

D-1



radioact ive contaminat ion. The survey iudicated radionucl ides from the

natural ly occurr iug uranirm and act iniun decay ser ies aad sraal1 quant i t ies

'  o f  C s - 1 3 7 ,  S r - 9 0 ,  a n d  C o - 6 0 .

Cesirm-137, Sr-90, aud Co-60 are manlnade radionucl ides created

through the  f i ss ion  process  such as  in  a  nuc lear  reac tor .  Ces iun- l37  and

Sr-90 both have half- l ives:k of approximately 30 years aad Co-60 has a haLf

l i fe of approximateLy 5.2 years. Cesiurn- l37 and Co-60 emit  beta and gamma

radiat ion, Sr-9C emits only beta radiat ion. The naturalLy occurr iag decay

series, known as the uraniun and act inirm series, are bel ieved to have been

created when the earth was for:ned, and they are st i lL present today because

.  o f  the i r  very  long ha l f - l i ves .  Theee ser ieo  are  presented  in  TabLes D- I

a n d  D - 2 .

As a radionucl ide decays i t  changes iato another substauce. Ln the

case of U-238, for example, the decay produces Th-234. Thori tnn-234 is

cal led the "daughterrr  of  U-238, U-238 is the rrparentrr  of  Th-234. In turn,

Th-234 is the rrparentt '  of  Pa-234. Radioact ive decay started by U-238,

IJ-235, or Th-232 cont inues as showa in the tabl-es unt i l  a stable nucl ide is

f  ormed.

I  The radionucl ides in these decay ser ies are present in stral l .

i  quant i t ies throughout the environnent.  Concentrat ions of them normalLy

,  occur  in  so i l ,  a i r ,  wate l ,  food,  e tc . ,  and are  re fe r red  to  as  background

, coucetrt tat ions. Radiat ion exposures result iag fron this eaviromental

radioact iv i ty are referred to as background exposures. These background

exPosures are not eaused by any hurnan act iv i ty,  and to a l .arge extent,  caD

be control led only through manrs moving to aleas with lower background

exposures. Each and every hr.man receives sme background exposure dai ly.

The use o f  rad ioac t ive  mater ia ls  fo r  sc ien t i f i c ,  indus t r ia l ,  o r

medical  purposes may cause radiat ion exposureE above the background Level

to  be  rece ived by  workers  in  the  indus t ry ,  and to  a  lesser  ex ten t ,  by

' *  - t  1  1 n  a . .^ The half-Lzfe is tlte time z,equired for hal! of the atoms of a radioactiue
substanee to disinteqrate ("d.ecau" or ty,ansfoy'rn).
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Benbers  o f  the  genera l  pub l i c .  Sc ien t i f i ca l l y  based gu ide l ines  have been

deve loped to  p lace  au  upper  l in i t  on  these add i t iona l  exposures .  L i -u r i t s

es tab l i shed fo r  exposures  to  the  genera l  pub l i c  a re  much lower  than the

l in i ts  es tab l i shed fo r  workers  in  the  nuc lear  indus t ry .

RADIATION LEVELS ON ll{E SCA PROPERTY E I

The survey ident i f ied elevated levels of direct radiat ion and

contaminat ion of the soi l  above the normal.  background levels.  The major

rad ionuc l ides  no ted  in  these so i l s  a re  Ra-226,  U-238,  and Cs-137.

Increased levels of radioact iv i ty resultng from contaminated residues on

tbis property can cause an increased radiat ion exposures to Persons. The

exposure potent ial ly comes from two pr imary sources or pathways: direct

radiat ion erni t ted by the radionucl ides in the residue or soi l  and

inhalat ion of suspended airborne part iculates and radon gas and i ts

daughter products.* Addit ional exposures may also be received through

ingest iou of contaminated food or water.  In Table D-3 the exPosure Levels

associated with this property are sunmarized and coupared with the

guidel ines and background radiat ion levels.

External Radiat ioo Exposure Levels

As Tables D-l  and D-2 indicate, several  members of the natural ly

occurr ing decay ser ies erni t  gamma radiat ion as does Cs-137. (Gamma rays

are penetrat i1g radiat ion l ike x-rays. )  Contamiuated areas can, therefore,

be sources of external gamma radiat ion exPosure.

The National Counci l  on Radiat ion Protect ion and MeasuremeDts has

recommended a maxiuum annual whole-body exposure of 500r000 micro-

roentgens** per ) 'eal  to an individual exposed in the general  populat ion.

This is equivalent to a cont inuous level of  approximately 57 microroentgeng

per hour.  The maximum exposure }evel noted on this property was

365 nicroroentgens per hour.  This level was noted only at contact l t i th

several  snal l  areas of contaminated surface soi l .  The average exposure

* Radon-222 is a gas that results from the
naturaLly ocewrirE tu'anium series ( see

x*The Roentgen is the unit of er?osure to
roentgen is one-mil l ionth of a. Roentgen.

D-3
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rate of 9 microroentgens per hour at about 3 feet above the surface is a

better est imate of the average exposure an individual roight receive. For

comparison, the average background Level in the Lewiston area is about

8 microroentgens per hour,  and cont inuous exposure at this level would

produce an annual exposure of about 691800 microroentgeos. Al.so, a typical

chest x-ray (according to data from the Departnent of Eealth and lluoan

Serv ices)  n igh t  y ie ld  an  exposure  o f  about  27r000 mic roroentgeus .

The soi l .  is contaminated with radir :n,  uranium, cesi tm, and stront ium

which enit  beta and gamrna radiat ions. Nuclear Regulatory Commission (UnC)

guidel ines for decommissioning former nuclear faci l i t ies require that the

dose rate ( frosr beta and gamna radiat ion) measured at a distance of

one ceutimeter above surface does not exceed 1.0 rnill.irad* per hour maximusl

and 0.2 mi l l i rad per hour average. The maximum dose rate measured at this

s i te  was 5 .58  n i l l i rad  per  hour  aad the  average was 0 .043 n i l l i rad  per

hour.  Al though the maximum level exceeds the t{RC guidel ine, the pr imary

concern of this guidel ine is exposure of skin surfsc€s. The thickness of

ordinary shoe soles is adequate to protect the skin of feet f rom beta

rad ia t ion .  In  most  caees ,  exposures  are  negL ig ib le  a t  a  d is tance o f  1  f t .

away frour the surface and areas of body skin are adequately protected from

these exposures i f  they remain away from these surfaces. Beta radiat ion

from surface residues are therefore not a signi f icaat factor in evaluat iug

the  po ten t ia l  hea l th  e f fec ts  a t  th is  s i te .

Exposure From Inhalat ion of Airborne Radioact ive Part iculates

A very s 'nal l  anount of the radioact ive contaminat ion on this ProPerty

nay become airborne by resuspension of part iculates from the surface layer

o f  so i l .  The ac tua l  f rac t ion  o f  mater ia l  tha t  becones resuspended is

dependent on a number of factors including surface condit ions ( i .e.  damp,

dry ,  covered by  ground vegeta t ion ,  e tc . ) ,  par t i c le  s izes ,  ac t i v i t ies  on  the

s i te  wh ich  d is tu rb  the  sur face  so i l ,  and  mic rometeoro log ica l  cond i t ions

(e .g .  sur face  w ind  speed and d i rec t ion) .  Dete :min ing  average cond i t ions  o f

airborne radionucl ides requires air  sampl ing over an extended t ime period

and was beyond the scope of the ORAU survey. I lowever,  an est imate of the

* The z'ad is the unit of beta-qanma dose.
of a raa.

D-4
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poten t ia l  a i rborne  coDcent ra t ions  can be  made based on  the  average

concentrat ion of radioact ive mater ial  in the surface soi l  and using

standard computat ion procedures of the Nuclear Regulatory Courmission.

A.reas of s igni f icantLy higher surface contaminat ion levels are

iso la ted  and smal l  (usua l l y  less  than 6  inches  in  d ia rne ter ) .  The average

surface soi l  concentrat ion for property Et is therefore beet approximated

by  the  samples  co l lec ted  a t  the  gr id  l ine  in te rsec t ions .  Rad iun-226 is  the

rnajor radionucl ide of concern on this si te and the average concentrat ion in

sur face  so i l  i s  3 .0  p icocur ies*  per  g ram or  about  2 .3  p icocur ies  per  g tan

above the level nor:mal ly present in surface soi ls in the Lewiston area.

The resuLt ing concentrat ion of resuspended Ra-226, based on a resuspension

factor of 5 x 10-9 per meter,  woul-d be about 3 x 10-16 microcuries per

cubic cent imeter of air .  For comparison, the Nuclear Regulatory

Commissionrs guidel ine level for cont inuous exposure of the general  publ ic

is 2 x 10-12 microcuries per cubic cent imeter.  The est imated concentrat ion

of airborne Ra-226 is almost a factor of 7000 lees than the guidance 1evel

and would therefore not result  in a signi f icant increase in radiat ion

exposure to individuals on this property.

Exoosure from Inhalation of Radon in Air

The deposits of radir :n-bearing residues in soiL may be indirect

sources of radiat ion exposure on si te.  As shown in Table D-2, Ra-226

changes to Rn-222 as a result  of  radioact ive decay. Radon-222 is an inert

gas which can emanate from the ground and, with i ts daughter products,

result  in lung exposures. B.adon levels in the vic ini ty of L00W are

cont inuouely monitored by Department of Energy cont lactors. SampliDg near

the SCA property I t r  indicated average radon concentrat ions of approximately

0 .27  p icocur ies  per  l i te r  o f  a i r  dur ing  L979 and 1980.  The gu ide l ine  fo r

cont inuous exposure of the general  publ ic is 3 picocuries per l i ter.  For

comparison the average area background level dur ing the same t ime period

was 0 .23  p icocur ies  per  l i te r .

* The cuyle is the unit indicating the quantity of a radtoactiue substanee.
A picocuz' ie is one-m'Ll l ionth-ni l lLonth of a curie-
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0ther Exposure Considerations

Loose radioactive contanination can result in exposure through

ingestion (eating or drinking) of contaminated foodstuffs. This site is

not used for raising crops and average radionuclide concentrations in the

ground water at this site are within the EPA drinkiog water l imits. These

pathways would not, therefore, result in signif icant exPosures.

ESTIMATES OF I{EALTE EFI"ECTS

The pr inary health effect associated with radiat ion exPosure is an

increaeed r iek of caucer.  In general ,  lhe r isk is assuned to iocrea8e as

the total  dose of radiat ion increases. Tot,al  dose is dependent not only on

exposute rate and concentrat ion levels on the ProPerty,  but also on the

nature and durat iou of the erpoeure. In addit ionr a given iudividualre

increased r isk is dependent upon many factors includirg the iudividualrs

age at ouset of exposurer var iabi l i ty in latency period ( t ine between

exposure and physical  evidence of disease),  the individualrs pereonal

habits and state of health,  previous ot concutrent exPosure to other

hazardous agents, and the individualts fani ly medical  history. Because of

these variables, large uncertaint ies would exist  iu any est imates of the

ur:rnber of increased caocera in a relatively siloall exposed population such

as  n igh t  be  the  s i tua t ion  on  th is  s i te .  Eet imates  o f  the  ioc reased r i sks

have been calculated and are givea in Table O-4. Assumptions made in

per fo rming  these ca lcu la t ions  are :

1.  The levels  repor ted in  TabLe D-3 are lePtesentat ive of  the

condit ions and wil l  not change during the year or from year to

yea r .

Average exposure

averages to which

expo sed.

leve ls  in  Tab le  D-3  are  representa t ive  o f  the

an individual working on the property night be

4
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3.  An ind iv idual  would spend a work ing l i fe t ine,  i .e .  40 hours per

week ,  50  weeks  pe r  yea r ,  f o r  45  yea rs  (age  20  to  65 )  on  the  s i t e .

4. Background exposure rates to individuals whi le not on the

property wi l . l  be 8 microroentgens per hour from external gamma

rad ia t  ion .

The r i sk  es t imates  are  based on  the  1980 Nat iona l  Academy o f  Sc iences

rePor t .  'The Ef fec ts  on  Popu la t ions  o f  Exposure  to  Low Leve ls  o f  Ion iz ing

Rad ia t ion , "  and the  1977 tepot t  by  the  Un i ted  Sta tes  Sc ien t i f i c  Connmi t tee

on Ef fec ts  o f  A tomic  Rad ia t ion .  The l i fe t ime r i sk  es t imate  used to

calculate the values in Table D-4 is 100 cancer deaths per mi l l ion persons

exposed Per ren of radiat ion exposureo I t  is bel ieved by many radiat ion

b io log is ts  tha t  w i th  low dose ra tes  such ae  those eneountered  a t  th is

ProPer ty '  the  ac tuaL r i sks  o f  cancer  a re  much less  thau 100 per  n i l l i on

persons per rem, zero not being excluded.

Since the est imated Ra-226 air  concentrat ions are a very si lnalL

fract ion of the guidance leve1 and the Rn-222 air  concentrat ions are

essent ial ly background, exposures and r isk from the inhalat ion pathlray

would be negl igible and were therefore not evaluated further.  Exposures

and r isk from the pathways of ingest ion of crops grown on contaminated

soi ls and water containing radionucl ides from the soi l  are also considered

negl igible,  baied on the low-levels and the present and intended use of

this property.  Exposures and r isk are therefore l imited to one pathway --

direct exposure to gamma radiat ion.

The est inated increased r isk due to cancer from exposure to the

average radiat ion level on the SCA property H t ,  for a working Li fet ine is

0.009 per 1000 deaths. This can be compared with the average l i fet ine

r isks of cancer in Niagara County of 218 per 1000 deaths based on 1977

crude death  ra te  s ta t i s t i cs  fo r  th is  sanre  year .  The average l i fe t ime r i sks

of cancer in the State of New York and the United States are 216 per 1000

deaths and 203 per 1000 deaths respect ively.  An individual working under

the  assu loed cond i t ions  w i l l  there fore  be  sub jec t  to  an  inc reased r i sk  o f

dy ing  f rom cancer  o f  0 .0009 percent  o r  an  inc rease in  to ta l  r i sk  f ron  21 .8
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to  21 .8009 percent  when compared to  the  average r i sk  in  N iagara  County .

Th is  nay  a lso  be  expressed as  a  percent  inc rease in  overa l l  r i sk  o f  ge t t ing

a  fa ta l  cancer  o f  0 .004 percent  -  a  neg l ig ib le  iuc rease.

ST'},IUARY

In summary, port ions of former LOO![ property f , ' ,  now belonging to

Service Corporat ion of America, are conteminated with low-level residues

containing natural ly occurr ing radionucLides and Cs-l37 and Sr-90. The

level of Ra-226 contamination in the surface soil in so,me area6 of the

prciperty exceeds the present cr i ter ion for release of this property for

unrestr icted use. Although this contaminat ion is capable of producing

sl ight radiat ion exposures to persons on this property under current

condit ions of property use these exposures are weLl within the

sc ien t i f i ca l l y -based gu ide l ines  and r i sks  to  such persons  are  neg l ig ib le .
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TABLE D-1

ACTINIMI DECAY SERIES

Parent Ha l  f -L i fe Decay Produc ts Daughter

Uran ium-235

Thor iur,r-231

P r o t a c t i n i u n - 2 3 I

Ac t  in ium-2 27

Thorium-227

Radiura-223

Radon-21 9

Po loniun-21 5

Lead-21 1

B isnru th-211

Thal l iun-207

7 1 0  m i l l i o n  y e a r s

2 5 . 5  h o u r s

3 2 , 0 0 0  y e a r s

2 1 . 6  y e a r s

1 8 . 2  d a y s

1 1 . 4  d a y s

4 . 0  s e c o n d s

. 0 0 f 8  s e c o n d s

36.1  rn inu tes

2 . 1 5  n i n u t e s

4 . 7 9  m i n u t e s

a l p h a

b e t a

a l p h a

beta, gamma

a l p h a

a lpha

a lpha

a lpha

beta, gamma

alpha

b e t a

Thor iunn-231

Pro tac t  in ium-231

Ac t iniuur-227

Thorium-227

Radium-223

Radon-21 9

Po lonium-21 5

Lead-21 1

B is rnu th-21 I

Thal l iun-207

Lead-207
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TABLE D-2

URANIUM DECAY SERIES

Parent Ila lf -Lif e l4a j or
Decay Products

Daughter

Uran iun-238 4 .5  b i l l i on  years  a lpha Thor iu rn-234

Thorir :ur-234 24 d,ays beta, gamna protact inirm-234

Protact in ir :n-234 1.2 minutes beta, gamna Uraniun_234

Uran inn-234 2501000 years  a lpha Thor iun-230

Thor i rm-23O 801000 years  a lpha Rad i 'm-226

Radirrn-226 1,600 years alpha Radon-222

Radon-222 3.8 days alpha poloniun-2lg

Poloninn-2l8 3 minutes alpha Lead,-2l4

Lead-2L4 27 minutes beta, gamna Bisuuth-2l4

Bisnuth-2l4 20 ninutes beta, gamna polonir :n-2l4

Polonir :m-2l4 .0002 seconds alpha Lead-210

Lead-210 22  yeats  bera  B ignuth-210

Bisnuth-2l0 5 days bera poloniun-2l0

Poloniun-2l0 140 days alpha Lead_206

Lead-206 stable none none

D - 1 0
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TABLE D-4

SUMMARY OF WORKING LIFETIME B-A,DIATION
EXPOSURES A}ID ESTIUATES OF ASSOCIATED CANCER RISK

FOR PRoPERTY E r, LEWTSTON, NY

source working Lifet iue Dose rncreaeed Risk
of Equivalent Corrected Due to

Exposure for Background AII Caacers

External gamna 0.09 rens 0.009 per l0OO a
radiat iou

Inhalat ion of resuspended
par t i cu la tes  neg l ig ib le  0

Iuhalat ion of radon negl igible 0

Iogest ion of food and
water cootaminated by
rad ioac t ive  mater ia ls
ou-s i te  neg l ig ib le  0

TOTAT 0 .009  pe r  l 00O b

a Using the risk coeff icient of 100 cancer deaths/106 person rem. This
is approxirnately a mean value fron BEIR-III  (f980) and UNSCEAR Q977).

b Th" average l i fet irne r isk of death due to caacer in the Unired States
is 203 per 1000 (20.3 perceot); io Niagara County the average l i fet ine
r i sk  i s  218  pe r  1000  (Z f .g  pe rcen r ) .
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